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Overview: Nazrul Islam
Programs of the Department of Agriculture and Food Western Australia apply benefit-cost
analysis to assist in the allocation of funds to those areas likely to make the largest
contribution to the rural economy and thus to achieve the Department outcome of increased
market competitiveness and profitability. To learn lessons from the completed projects the
Programs also use ex post analyses. Information collected in the course of the ex post
analyses can usefully improve the assessment of proposed projects.
Table 1 shows the results of 10 recently or partly completed projects. Projects were selected
for analysis from among the projects not reported before. The number of projects selected
for this report remains the same compared to that reported in 2004/2005. The analyses are
therefore representative of both the effectiveness of agency expenditure and the efficiency of
funds spent.
Table 1.

Project benefit-cost analyses in Agriculture Western Australia in 2005-2006
Program and project

Benefit-cost ratio

Net present value
($'000)

Cereals
Investment in Agronomy R&D to Improve Wheat Grain Yield and
Quality

2.3

56,400

Rapid Adoption of a Systems Approach to Weeds Management in the
NAR Region of Western Australia

7.5

7,600

Durum Industry Development

0.72

-2,200

Breeding for Worm Resistance

15.9

19,600

Lifetime Wool Project

7.6

18,500

Salinity Management - Sustainable Grazing on Saline Land – Producer
Network project

0.96

- 83

11.9

1,100

7.7

3,300

Bulk Bin Exports of Apples

38.5

2,260

Variety Development for the Fresh Potato Market in Western Australia

12.6

1,900

Wool and sheep

Beef Meat
Management of Light Weight Weaners to Meet High Value Target
Markets
Dairy
Protein ‘Plu$’
Horticulture

Of those selected, the benefit-cost ratio (B/C) ranges between 0.7 to 38.5. This range is a bit
wider than the B/C range (0.7 to 23.9) of the selected projects reported in 2004/2005. This is
an indication that the selected projects do represent the makeup of projects that are
evaluated using benefit-cost analysis by Programs for effective funds allocation. On the
other hand, the total net present value of the projects reported is assessed to be
$108 million, which denotes the accumulated net benefit over at least a decade.
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As mentioned in the 2003-2004 reporting year, for initial assistance in the allocation of
resources to project, Programs undertake ex ante analyses to determine the likely returns to
each project. Projects that return benefit-cost ratios less than 1.0 are not funded. In this
way, the ex post analyses were used to evaluate the assumptions of ex ante analysis. This
provides an excellent indication of the effectiveness of ex ante analysis in increasing the
likelihood that projects undertaken will result in positive benefits to agriculture, food and fibre
industries. In this reporting year, only two project activities fell below a benefit cost ratio of
1.0.
The primary outcome or objective of the projects that are assessed, is to increase the market
competitiveness and profitability of agri-industry. The high returns of most projects provide a
strong indication of their contribution to this outcome.
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GRAIN INDUSTRIES DEVELOPMENT
BENEFIT COST ANALYSIS
Project:

Investment in Agronomy R&D to Improve Wheat Grain Yield and
Quality

Project Code:

GWA

Consultant:

Peter Eckersley1

Reviewer:

Ross Kingwell2

Project Manager:

Wal Anderson

Date:

May 2006

Summary of results
NPV ($m)

BCR

Project costs

56.4

2.3

$2.46 million annually

1. Background
During the 1980s and early 1990s concerns were raised about a decline in the quality of
wheat produced in Western Australia (WA). The expansion of wheat production on to less
fertile soils, combined with tighter rotations and typically low input production systems, was
generating in some seasons and regions a lesser yield and quality of wheat. The decline in
wheat quality was eroding the international market reputation of wheat produced in WA, and
meant an increased proportion of the State's wheat production risked receiving price
discounts due to inferior quality.
These developments occurred during a period when wheat buyers and end users of wheat
were becoming more discriminating, desiring particular quality characteristics in the grain
they purchased. These buyers began increasingly to offer price premiums for certain
desirable quality characteristics, thus affording new opportunities for Western Australian
farmers to improve returns.
In response to the industry concerns and market signals, the Department of Agriculture and
Food successfully sought industry funding to co-fund research and development (R&D) into
improving the quality of wheat produced in the State during the 1990s, while maintaining the
rate of yield improvement.
The Grains R&D Corporation (GRDC) funded several projects within the Department of
Agriculture and Food (DAFWA) that sought to improve the quality and yield of wheat
produced in WA through improvements in varieties and better agronomic management of
wheat crops. A list of the main wheat agronomy projects supported by the GRDC is listed in
Table 1.

1

Author of 2006 update by Eckersley Rural Consulting.

2

Author of report prepared in July 2003.
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The projects were typically of 3 years duration and focused on:
(i)

improving the quality of grain production in a particular region (e.g. Esperance and
Great Southern); or

(ii)

improving the quality of a particular category of wheat (e.g. noodle, prime hard); or

(iii)

overcoming general impediments to grain yield and quality (e.g. weather damage,
weed competition, soil compaction).

Table 1 lists 22 projects co-funded by the GRDC and the Department of Agriculture and Food
involving 30 principal participants over the period 1992 to 2005. In combination, all the
projects represent the portfolio of DAFWA R&D activity aimed at enhancing the yield and
quality of grain produced in WA through improved agronomic management.

2.

Derivation of costs

To derive the full costs of grain quality agronomic R&D conducted within DAFWA over the
period of these projects, firstly the GRDC funding support was collated. For each of the 22
projects, the GRDC support for salaries, capital and operating expenses was identified. The
funding support was re-expressed in present value 2005/2006 dollar terms using a discount
rate of 6 per cent. Secondly, after discussion with project staff, direct DAFWA expenses
associated with these projects were estimated. Research contracts with GRDC required
DAFWA to indicate its supervisory and other associated research support contributions to
each project. Typically, direct support from DAFWA accounted for around 40 per cent of the
total project costs (i.e. GRDC and DAFWA costs). Accordingly, the fixed percentage of 40
per cent was applied across the projects. Thirdly, to calculate DAFWA's indirect costs
(e.g. infrastructure and administration support) a multiplier of 1.4 was applied to the GRDC
salary component. Such salary multipliers are a common costing approach used in the
private and public sectors. The range of these salary multipliers that measure direct and
indirect support is often between 1.8 to 3.6. For example, the DAFWA salary multiplier for
direct and indirect support of various Cooperative Research Centres is often around 2.6. The
multiplier of 1.4 used here refers only to indirect support.
A summary of the present value of costs associated with the various projects is provided in
Table 2. The average annual contribution by DAFWA to the wheat agronomy R&D projects
from 1992/1993 to 2005/2006 is estimated to be $1.91 million in 2005/2006 dollar terms.
Over the same period the annual average contribution from GRDC was $1.08 million. In
2004/2005 and 2005/2006 DAFWA allocated an estimated $1.53 million and $1.15 million to
wheat agronomy R&D support, while GRDC provided $0.89 million and $0.67 million
respectively.
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Table 1.

DAFWA wheat quality agronomic projects supported by GRDC
Wheat Agronomy Projects

DAW
No.
1

Title and people
Research support for Perry and Anderson
Perry, Anderson, Hoyle, Garlinge

11

Systems for very early sowing of wheat in the central wheat belt of WA
Heinrich, Belford, Anderson

30

Effect of management on wheat grain quality
Anderson, Crosbie

52

Development of an Australian Prime Hard wheat grade in WA
Kerr, Anderson

54

Improving wheat quality and productivity in the Lakes district
Shackley, Anderson

265

Minimising the risks for very early sown wheat crops in WA
Armstrong, Belford, Anderson

343

An investigation of the reasons for low rates of wheat yield improvement in the low rainfall areas of WA
Hamza, Anderson

362

Management of the grain protein percentage and starch quality of wheat for noodles
Anderson, Shackley

363

Crop management systems to improve the competitiveness of wheat against weeds and reduce the
reliance on herbicides
Fee, Anderson

372

Management of weather damage in cereals
Hoyle, Anderson

373

Potential for quality improvement in wheat produced in the Esperance and Albany port zones
Evans, Anderson, Crosbie

487

Producing wheat in the Western Region for premium markets
Kerr, Bolt, Penny, Tonkin, Morgan Del Cima, Hoyle, Cooper, Curtis, Anderson

503

Production possibilities for durum wheat in the Western Region
Impiglia, Miyan, Anderson

563

Optimizing the management of new crop varieties
Sharma, Anderson

584

Improved variety specific information for South Coast cereal growers
Amjad, Curtis, Anderson, SEPWA

597

The Wheat Book - second edition
Anderson, Garlinge

627

Centre for Cropping Systems - assistance with research equipment
Anderson

628

Restoration of paddock productivity through renovation cropping
Hoyle, Schulz, Anderson

673

Increasing the productivity of southern high rainfall cropping systems
Hill, McTaggart, Wesfarmers

689

Enhancing the profitability of wheat growing in the Lakes and Great Southern regions of WA
Shackley, Anderson

12
2

Variety specific agronomy
Sharma, Shackley, Zaicou-Kunesch, Penny, Amjad, Lemon, Curtis, Anderson
Management of compacted soils
Hamza, Penny, Anderson
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Table 2.

Funding support for wheat agronomy R&D projects in DAFWA from 1992/1993 to 2005/2006
($ million 2005/2006 dollar terms)
GRDC

DAFWA

Total

1992/1993

0.58

1.04

1.62

1993/1994

0.63

1.12

1.75

1994/1995

1.03

1.81

2.84

1995/1996

0.85

1.57

2.43

1996/1997

1.25

2.23

3.48

1997/1998

1.15

2.10

3.25

1998/1999

1.32

2.24

3.57

1999/2000

1.55

2.46

4.01

2000/2001

1.81

2.96

4.77

2001/2002

1.12

2.60

3.72

2002/2003

1.40

2.28

3.69

2003/2004

0.91

1.56

2.47

2004/2005

0.89

1.53

2.42

2005/2006

0.67

1.15

1.82
41.85

Average

1.08

1.91

2.99

2. Derivation of benefits
The principal benefits flowing from the wheat agronomy R&D projects are an improvement in
the quality of wheat produced by WA farmers, while assisting to maintain the rate of
improvement in wheat yield. These yields have increased at an average rate of over
40 kg/ha/year since the mid-1980s. This improvement in yield has been accounted for in the
AWB figures used in the analysis. In the absence of the R&D effort it is likely that farmers
would either not have access to the appropriate and locally-assessed knowledge and
practices that could boost or protect grain yield and quality, or such knowledge would be
supplied eventually from others sources (e.g. innovative farmers or inter-state sources).
Delays in the supply, local evaluation and widespread use of imported knowledge would be
likely. So the likely benefits are at least the costs of delays avoided in acquiring and utilising
appropriate knowledge to better manage grain quality. In particular cases additional benefits
would flow from market failure where no alternative suppliers of relevant and effective
knowledge would arise and farmers would persistently be disadvantaged. The expansion in
wheat area and production would not, it could be argued, have taken place to the degree it
did, without the increased confidence given to growers via this research. Figure 1 shows the
expansion in cereal area (predominantly wheat) that has occurred over the recent decade
1990 to 2000.

6

Returns to R&D Investment of DAFWA

Figure 1.

The percentage change in wheat area across WA shires.

To assess whether or not improvement in wheat grain quality has occurred during the 1990s
and into the 2000s, confidential data on the quality of WA wheat deliveries was supplied by
the Australian Wheat Board (AWB)3. The data reveals that, in spite of some recent poor
seasons that have impacted on grain quality, the emerging overall trend is an improvement in
grain quality.
Figure 2 is a summary of the AWB wheat grade data from 1989/1990 to 2005/2006. The
main grades of wheat are shown as percentages of wheat deliveries each year. A brief
description of each grade is given in Table 3.

3

Please note, due to reasons of commercial confidentiality this report is not available for public release.
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Percentage of wheat deliveries
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Figure 2.

Share of annual wheat deliveries according to wheat grade:
1989/1990 to 2005/2006

Table 3.

Descriptions of main grades of wheat

Class
AH

AGP
Noodle
APW
ASW
Hard

Description
Australian Hard: specific varieties at protein contents from 11.5 to 13 per cent

APW

Australian Premium White: specific varieties at protein content above 10 per cent

ASW

Australian Standard White: mixed grain hardness and no specific protein requirements, although
protein content is typically below 10 per cent

Noodle
AGP
AS

ASW Noodle: specific varieties with protein content between 9.5 to 11.5 per cent
Australian General Purpose: wheat that is superior in quality to feed wheat yet fails to qualify for
the superior quality grades
Australian Soft: specific varieties at protein less than 9.5 per cent

To meet the wide quality requirements of end-users of wheat, the AWB segregates the wheat
it receives into market grades such as outlined in Table 3. Acceptance of delivered wheat
into a grade is determined by variety and the specific quality characteristics measured when
the wheat is first delivered to a receival point.
To show how the quality of the State's wheat production has altered since the portfolio of
agronomic projects began, Figures 3 and 4 contrast the wheat grade proportions of delivered
wheat at the start and end of the last 17 years. The major change has been a decline in the
proportion of wheat classed as ASW and an increase in APW wheat production. An increase
in the proportion of noodle and hard wheat classes has also occurred.
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Wheat grade proportions
(% of wheat production in 1989 and 1990)

3%

0%

7%

4%

8%

Feed
AGP
Soft
Noodle
ASW
Hard

78%

Figure 3

Wheat grades as proportions of wheat deliveries in 1989/1090 and 1990/1991.

Wheat grade proportions
(% of wheat production in 2005 and 2006)
7%

0%

6%

Feed

1%
20%

28%

AGP
Soft
Noodle
APW
ASW

38%

Figure 4.

AH

Wheat grades as proportions of wheat deliveries in 2004/2005 and 2005/2006.

The advantage of the alteration in the mix of wheat classes is that WA wheat growers have
successfully increased the share of their wheat production that attracts grade price premia.
Grades such as noodle, APW, AH and AS receive price premia as shown in Table 5. Table 4
lists the prices paid by the Australian Wheat Board (AWB) for the various grades of wheat
since 1992. These are the primary national pool prices paid by the AWB for each grade of
wheat.
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Table 4.

Prices of various wheat grades: 1996 to 2006a
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006e

Feed

219

168

163

129

154

185

189

238

205

183

160

AGP

239

192

179

168

173

220

235

242

218

189

162

ASW

249

200

193

185

190

226

248

245

220

191

167

APW

254

205

198

190

192

234

259

258

233

199

186

Noodle

277

229

213

214

225

273

297

279

233

204

195

AS

254

207

198

199

194

248

306

269

238

211

175

AH

262

213

206

202

206

247

277

272

241

208

200

a

$/t FOB GST exclusive AWB National Pool; Prices for 2006 are estimates.

e

estimate (provided by AWB) .

Table 5.

Price premia and discounts for various wheat gradesa
1995

1996

1997

1998

1999

2000

2001

2002

Feed

-15

AGP
APW

2003

-30

-32

-30

-56

-35

-41

-59

-7

-15

-8

-7

-32

-10

-10

-8

-14

-16

-17

-6

-13

-4

-2

-2

-5

-9

5

5

5

5

5

2

9

12

13

13

8

19

8

Noodle

20

28

29

20

29

36

47

49

34

13

13

28

28

AS

40

5

7

5

14

4

23

58

24

18

20

8

16

AH

17

13

13

13

18

17

21

29

27

21

17

33

20

a

$/t FOB GST exclusive AWB National Pool, compared to ASW grade.

e

estimate (provided by AWB).

2004

2005 2006e average

Wheat varieties that qualify for the APW grade regularly receive a premium of mostly
between $5 to $15 per tonne. Noodle wheat receives a premium mostly above $20 per
tonne and hard wheat attracts a premium of $13 or more per tonne.
The progressive increase in the proportion of wheat meeting the specifications of grades
receiving a premium is evident in Figure 5. The trend appears to have continued in recent
years.
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Figure 5.

2005/06

2004/05

2003/04

2002/03

2001/02

2000/01

1999/00

1998/99

1997/98

1996/97

1995/96

1994/95

1993/94

1992/93

1991/92

1990/91

80%
70%
60%
50%
40%
30%
20%
10%
0%
1989/90

premium grades as % of total

Expansion of premium wheatgrowing in WA

Aggregate proportion of wheat in APW, Noodle, AH and AS grades.

By developing superior quality varieties, supported with agronomic management packages,
the Department of Agriculture and Food helps farmers receive higher prices for their wheat.
The shift away from low quality wheat varieties toward premium wheat varieties raises the
reputation of WA wheat and increases profits from wheat production, provided there are no
off-setting declines in yield associated with targeting quality traits.
The wheat agronomy projects have addressed a wide range of issues over time. By
identifying methods to overcome factors that have limited yields of varieties in a wide range
of situations, they have enabled farmers to produce premium wheat from more of their crop.
Farmers respond to the price incentives as they gain confidence in the techniques developed
through research and communicated through the on-going extension components of
projects. The required changes in management practices are adopted more quickly when
they are simpler. The wheat agronomy packages involve changes ranging from timing and
rates of nitrogen fertiliser applications to better matching of seeding time to given
combinations of soil type, rotation and wheat variety.
Estimates of the value of the altered mix in wheat grade over the last decade were based on
price and production data supplied by the AWB. The additional value generated by the shift
in wheat quality was based on a few important assumptions. Firstly it was assumed
conservatively that in the absence of wheat quality R&D funding there would be no additional
downgrading of wheat produced. In practice this means that the proportion of wheat already
observed as downgraded to off-grade, AGP and feed grades would not be greater in the
absence of the wheat quality R&D. This is a conservative assumption insofar as it could be
argued that traditional varieties and practices, if not replaced and updated, would be more
suspect to yield and quality decline due to the biological breakdown of the varieties' plant
disease and pest resistance traits. Hence, the improvement in wheat quality is assumed to
occur only in the proportion of wheat production that attracts price premia. The shift away
from ASW production towards APW, AH and noodle wheat production is the source of
benefits from wheat quality R&D. Part of the information generated from the agronomic
research has been advice about management to reduce downgrading through factors such
as small grain screenings and Black Point, regardless of quality grade. This information has
also contributed to the general improvement in the proportion of wheat received into
premium-paying grades.
Secondly, there is no allowance for additional wheat production generated by the wheat
quality R&D. Again this is a very conservative assumption as it assumes that production
levels would be unchanged if traditional varieties were retained. It could be easily argued
that grain growers have increased the area sown to wheat and achieved higher yields and
Returns to R&D Investment of DAFWA
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higher average prices due in large part to wheat quality R&D that has delivered improved
varieties and superior management practices. These additional benefits that may be
attributed to yield and/or area increases are not included in this analysis. Another spillover
(external benefit) of the project has been increased revenue from barley in the high rainfall
zone, as a result of farmers applying agronomic packages delivered by the project to barley
production. Also not included are any benefits that flow to interstate wheat growers. It is
likely that some of the wheat quality management improvements identified through R&D
would have application to wheat-growing regions in other Australian States. However, these
benefits are overlooked. Hence, the benefits associated with wheat quality R&D are set very
conservatively and represent likely under-estimates of the full set of benefits that could be
argued as flowing from wheat agronomy R&D.
In estimating the benefits from wheat agronomy R&D two scenarios are contrasted. The with
wheat agronomy R&D scenario is the observed change in quantity and quality of wheat
production in Western Australia. By contrast, the without scenario is the forecast mix of the
various premium grades based on the quality composition observed in the late 1980s,
assuming no increased proportion of discounted wheat over that already observed in the with
scenario.
Actual prices paid for the various grades were applied to the wheat production (actual and
forecast) of the two contrasting quality scenarios. These two scenarios reflect the with and
without scenarios that typify the main components of a cost benefit analysis.
Additional key assumptions in the estimation of benefits were that a discount rate of 6 per
cent would apply to all costs and benefits, and all these costs and benefits would be
expressed in constant 2005/2006 dollar terms. The period of wheat quality R&D expenditure
would include from 1992/2003 to 2005/2006 while benefits associated with that R&D would
commence in 1994/2005 and extend to 2010/2011. There is an argument for extending the
benefits beyond 2010/2011 as the knowledge products of agronomic management will
possibly generate long term benefits for some grain growers through permanently enhancing
their management of wheat crops. Wheat production is assumed to be 6 m t pa for the years
2005/2006 to 2010/2011, which is conservative as it averaged 6.43 m t pa over the last
5 years. A final key assumption concerns attribution of the observed changes in wheat
quality as outcomes of the collated wheat quality R&D projects co-funded by the Department
of Agriculture and Food and the GRDC.
Attribution is a complex issue. If there were no other potential suppliers of wheat quality
agronomic R&D or no other communicators of those R&D findings or no other agents to
encourage adoption of those findings then much of the attribution of benefits would rest with
the 22 projects listed in Table 1. However, there are other quality-related R&D projects such
as breeding superior wheat varieties (both within WA and interstate) that are precursors to
developing crop agronomy management packages. Further, there are other extension
agents such as agribusiness consultants and commercial agronomists who assist farmers to
apply the wheat quality management improvements. Most of these agencies however,
obtain their agronomic information directly or indirectly from Department of Agriculture and
Food sources in Western Australia. Lastly, there are a range of media outlets that add value
to the wheat quality agronomy R&D findings and therefore are responsible for some of the
overall benefits from quality improvement of the State's wheat crop.
In response to the actions of these other participants it is assumed conservatively that a
quarter of all benefits (as conservatively estimated) are attributable to the co-funding of the
collated wheat quality projects by the Department of Agriculture and Food and the GRDC. In
recognition that the influence of these projects relative to other players diminishes after its
termination, the attribution factor is progressively discounted from a quarter in 2005/2006 to
an eighth in 2010/2011.
The resulting stream of estimated benefits is shown in Table 6. The present value of the
benefit stream is $98.3 million.
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Table 6.
Year

Present value of the wheat agronomy R&D benefits ($ million in 2005/2006 dollar terms)
Benefit

1994/1995

3.2

1995/1996

2.2

1996/1997

3.2

1997/1998

2.1

1998/1999

2.8

1999/2000

1.8

2000/2001

6.8

2001/2002

6.3

2002/2003

10.2

2003/2004

8.0

2004/2005

9.9

2005/2006

14.5

2006/2007

7.8

2007/2008

6.5

2008/2009

5.4

2009/2010

4.3

2010/2011

3.4

Total

98.3

3. Investment appraisal
Combining the investment costs and attributable benefits results in a benefit cost ratio of
2.3 which equates to an internal real rate of return of 25 per cent. The break-even attribution
factor is approximately 0.11 or 11 per cent of total benefits. This means that if the true
attribution factor was any higher (lower) than 0.11 then the conservative economic
justification for the investment in wheat quality agronomy R&D would be strengthened
(weakened). As the break-even attribution factor is already relatively low, and especially
given the range of other conservative assumptions, it follows that the investment in wheat
quality agronomy R&D, has been a sound economic investment. This is explored further
through sensitivity analysis.

4. Sensitivity analysis
Key sensitivity results are presented in Figure 6 that shows the distribution of benefit cost
ratios generated through a factorially designed sensitivity analysis. Results indicate that
feasible changes to parameters in all cases do not reverse the judgement that wheat quality
agronomy R&D has been a profitable investment. The sensitivity results, however, do show
that variation, particularly upside variation, in the return to the investment is possible.
The factorial design considered 3 attribution levels (25%, 15% and 35%), 3 discount rates
(6%, 4% and 8%) and 3 wheat production scenarios for WA (6 M tonnes, 5 M tonnes and 8
M tonnes). The 27 combinational options are all feasible and none represents a highly
unlikely scenario. All combinations generated benefit cost ratios greater than one. Most of
the benefit cost ratios were in the range 1.4 to 3.5 and indicate that the investment in wheat
Returns to R&D Investment of DAFWA
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quality agronomy R&D has been a relatively attractive investment and a worthwhile use of
taxpayer and industry funds because of the magnitude of economic benefits generated.
A separate examination of the returns to taxpayer funds invested in the collated co-funded
projects would yield similar findings to those above, due to the need to pro-rata both costs
and benefits. In short, any attempt to estimate the benefits solely attributable to use of
taxpayer funds would suffer the same attribution difficulties already outlined and would
probably lead to a proportional distribution of costs and benefits.
It should be stressed that the conservative set of assumptions that underpin this analysis
necessarily understates the likely full set of benefits that flow from the R&D activity.
Accordingly, there is likely to be more upside than downside in the benefit cost ratios
generated by the wheat agronomy R&D.

No. of Observations

7

base case

6
5
4
3
2
1
0
<1

1-1.5 1.5 to 2 2 to 2.5 2.5 to 3 3 to 3.5 3.5 to 4

>4

Benefit cost ratio
Figure 6.

Distribution of benefit cost ratios associated with sensitivity analysis.

5. Conclusions
The benefit cost analysis of investment in wheat quality agronomy R&D undertaken by the
Department of Agriculture and Food over the last 14 years identifies this as a profitable
investment. Although the scope of the benefit cost analysis is conservative and restricted in
its assessment of benefits, nonetheless a conservative benefit cost ratio of 2.3 is reported.
This means the present value of the stream of benefits that flow from past and recent
investments is over double the present value of the cost of those investments.
A sensitivity analysis reveals a positive range in the profitability of the investment in the
wheat quality agronomy R&D undertaken by the Department of Agriculture and Food.
Hence, there is virtually no risk that the investment will eventually be shown as unprofitable.
Rather, there is a greater likelihood of upside movement in benefit cost ratios, especially
owing to the invoking of several conservative assumptions.
The continued expansion of premium wheat production over the past 5 years, as shown in
Figure 5, would seem to vindicate prolonging investment in the portfolio of wheat agronomy
projects beyond 2002/2003. With the benefit of production and marketing data for the last
few years it is possible to have more confidence in the conclusions. It cannot be asserted
that further prolongation would yield the same return on investment, but the above results
and ongoing changes in varietal choice, markets and the biophysical environment suggest
the desirability of some ongoing investment in the capacity of agriculture to adapt to these.
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1. Background
Herbicide resistance in cropping areas of Western Australia is an increasingly burdensome
problem for crop producers. Studies have shown that herbicide resistance in common grass
species, such as ryegrass, and broadleaf species, such as wild radish, has increased over
the past several years, see for example Walsh et al., 2005 and Owen et al., 2006. Because
of the increase in resistance producers are limited in their ability to chemically control weeds
as is the typical control method, hence the emergence of integrated weeds management as
an area of focus for the Department of Agriculture and Food.
This project was designed to measure the effects and adoption of various integrated weed
management strategies of producers in the Northern Agricultural Region. Weed
management is necessary but seen as an increasingly costly practice for producers as more
weeds are becoming resistant to herbicides or different classes of herbicides. Integrated
weed management (IWM) through tactics, such as burning windrows, collecting chaff from
harvest, selective use and timing of herbicide applications, and stock management can yield
greater benefits to producers. However, ad hoc approaches can exacerbate herbicide
resistance.
The project had several components. The first was a pre and post project survey of grain
producers in the region to determine if practice changes had occurred over the period of the
project. The second component is to benchmark weed management practices and level of
herbicide resistance in paddocks in the NAR. The final component is to conduct farm-scale
and small plot research trials to explore weed management strategies and herbicide
resistance.

2. Derivation of benefits
The benefits of integrated systems will occur across all soil types and farming systems,
however, the extent of the benefit depends on the strategies adopted by the farmer and the
farmer’s skill using the particular system adopted. In this analysis the comparison is made
between producers adopting a ‘double knockdown’ strategy and a producer undertakes a
single weed control operation. A double knockdown operation is where two herbicide sprays,
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glyphospate and Sprayseed, are applied consecutively within a period of time, usually less
than ten days between applications. Although two chemical applications are made there is
no delay in sowing as the applications can be made at the required time to ensure sowing is
not delayed. The benefits accrue through improved crop yields due to lower weed
competition for soil nutrients and water. Other strategies, such as burning windrows or chaff
collection were not analysed as there is very little cost or other economic information
available to provide a useful analysis of the project.

2.1 Calculation of benefits
The benefits entered into the analysis only refer to cropping benefits. In the analysis the
benefits derived are those over and above current practices. The costs associated with the
new practices are deducted from the revenues generated in the double knockdown
operation.

Crop yields
The main benefit of integrated weed management is a yield increase due to lower
competition for wheat plants. From on-farm experimental work it is expected that yield
benefits for wheat are in the range of 10-20 per cent, in this analysis 10 per cent is used.
This is a conservative number, but provides a conservative basis for the analysis.

Input costs and fuel savings
Given that the two applications of herbicide increase costs, additional costs are incurred in
terms of labour, machinery and herbicide.

Risk factors
There are some risk factors to achieving higher grain yields, however the risk factors were
assumed to be the same as croppers using traditional herbicide management programs.

3. Key Assumptions
Table 1.

Key assumptions and values used in benefit-cost analysis

Method of analysis

Simple spreadsheet BCA

Term of the analysis

10 years

Per unit net benefits

$30.21/ha

Scale of Adoption

800,000 ha

Probability of success

100 %

Proportion of benefits attributed to this project

50%

Year adoption begins

2004

Percentage at peak adoption

20%

Year of peak adoption

2007

Benefits discontinued

2015

Discount rate

6%

Project cost

$1,328,724 over 4 years (Start 2001 end 2005)
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Explanation of the key assumptions
•

The ‘term of the analysis’ was the ten years of the expected adoption process.

•

The ‘per unit net benefits’ applies to the rotation gross margin of a four year wheatlupin-wheat-canola rotation, based on long term average grain prices, which are lower
than current grain prices, and lower than those received over the project period.

•

The ‘scale of adoption’ is limited to 40 per cent of the annual crop area in the NAR of
Western Australia.

•

Project cost included on-costs and overhead costs for all staff and the costs of adoption
to the producer.

4. Results
The benefit cost ratio for the IWM systems, at 50 per cent attribution rate and 40 per cent
adoption rate across all producers, was 7.5, which indicates that the technology does
generate positive benefits to producers adopting the technology.
Since adoption rate for the project is uncertain three additional adoption rates were analysed.
One problem that arises when measuring adoption rates in this particular project is that
specific grower groups adopted the technology and the adoption within certain groups was
very high. The BCR response to adoption rate appears to be linear in proportion to the
adoption percentage. Regardless of the adoption rate this project shows reasonable returns
on investment (Table 2).
Table 2

Maximum adoption rate

Maximum adoption %

BCR

10%

1.9

20%

3.8

30%

5.7

The attribution of benefits derived from IWM systems are difficult to capture as there is a
substantial amount of information available to producers regarding the farming system.
Many other sources of information, outside the Department of Agriculture and Food
(DAFWA), such as grower group trials, and chemical and herbicide manufacturers, offer
similar information to that generated in this project, therefore attribution of technological
adoption is difficult. However, because of the linkages between growers and DAFWA the
high attribution rate is used. The BCR of changes in the attribution of the adoption IWM are
similar to that of changes in the adoption rate (Table 3).
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Table 3.

Attribution of benefits to the project

Proportion of benefit attributed to the project

BCR

10%

1.5

20%

3.0

30%

4.5

40%

6.0

5. Other considerations
This analysis only calculates the immediate benefits from cropping due to IWM systems.
Longer term benefits, such as reduced seedbanks in the future and further reductions in
inputs due to these lower seedbanks are not valued but could add to further increases in
returns and benefits of IWM farming systems. Even though the BCR of this project is
relatively high the adoption of the technology by producers may be countered by the
mergence of newer technologies since the initiation of the project. These technologies
include seed grinding, catching seeds in chaff carts, and livestock-based approaches.

6. Conclusions
IWM farming systems have the ability to increase the returns to producers adopting the
technology. The project analysed does provide producers with information that can be used
in the adoption of the technology as described in the goals of the project.
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Executive summary
Net Present
Value ($m)

Benefit Cost
Ratio

Project costs ($m)

-$2.2

0.72

$1.4

The ex-poste analysis reveals the major reasons why Durum wheat has not displaced
Australian Hard (AHard) wheat as expected:
•

Lower price differential

•

Lower relative yield

•

Risk of not meeting Durum segregation specifications

Only 8,000 ha of Durum were grown at peak adoption compared to a forecast 30,000 ha at
commencement of project.

1. Background
Durum wheat attracts premium prices in world markets due to its specific characteristics
especially suited to processing into pasta and semolina. Western Australia did not grow
Durum wheat although large parts of the wheatbelt appeared very suitable for its production.
When the research project commenced in 1997, the intention was to develop Durum for local
WA conditions such that it displaced some of the AHard wheat currently being grown on
those well-structured fertile soils in medium rainfall areas. It was forecast that 30,000 ha of
Durum would be planted by 2006 with a milestone of 100,000 tonnes produced by 2010.
Hence Durum would need to have at least equal (and probably superior) profitability to AHard
for it to be adopted by farmers on such a large scale.

2. Derivation of benefits
With the benefit of hindsight, the actual adoption of Durum wheat over the subsequent 9
years since the research project commenced was able to be compared with the forecast.
Moreover, the relative profitability’s for farmers growing Durum versus AHard was also
compared.
The analysis took the form of a discounted cash flow using on-farm costs and benefits of
either growing AHard or Durum using the actual Durum statistics over the 9 years since
project commencement. The cash flow was restricted to 9 years only because both peak
adoption and complete disadoption occurred during that relatively short time frame.
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2.1. Calculation of benefits
The analysis examined yield, price and quality delivered on the assumption that durum would
be a direct planting competitor for hard wheat.
Yields were taken from 6 years of CVT durum agronomy nitrogen trial data. An average yield
of the previous years was used to determine the yield for 2004 and 2005.
Prices were taken from the actual DR1, DR2, DR3, AH and APW base rates from the
Australian Wheat Board (AWB) National Pool 1 for each year.
Percentages delivered into each durum grade were taken from annual delivery statistics from
Co-operative Bulk Handling (CBH). If hard wheat is grown, it was assumed only 90 per cent
of the grain produced would actually meet the AH specifications, with 10 per cent being
delivered into APW (D. Sharma. Personal communication).

3. Key assumptions
Table 1.

1996 Analysis
Method of analysis

Simple spreadsheet BCA using
discounted cashflow analysis

Term of the analysis

25 years (1996 – 2021)

Scale of Adoption

30 000 ha

Proportion of benefits attributed to this project

100%

Year adoption begins

1999

Year of peak adoption

2006

Benefits discontinued

2021

Discount rate

6%

Project cost

$1.1M

Table 2.

2006 Analysis
Method of analysis

Simple spreadsheet BCA using
Discounted cashflow analysis

Term of the analysis

9 years

Scale of Adoption (area grown in year of peak adoption)

8135 ha

Proportion of benefits attributed to this project

100%

Year adoption begins

1998

Year of peak adoption

2001

Benefits discontinued

2006

Discount rate

6%

Project cost

$1.7M
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3.1 Explanation of the key assumptions
•

The ‘without’ durum wheat analysis looks at the opportunity cost of not growing hard
wheat. Durum grades DR1, DR2 and DR3 were compared to delivery of hard wheat
into AH and APW. Although the protein requirements of growing DR1 (13%) and AH
(11.5%) are different, the assumption was made that farmers would aim to only meet
the base rate of each grade.
Experience shows there are no net benefits for growers chasing the extra premiums for
additional protein levels above the base rates.

•

In the 2006 analysis the ‘term of the analysis’ was stopped at 2006 because no further
Durum was expected to be grown. Extending the term would have magnified the
negative result because of the progressive accumulation of the benefits to growing
AHard.

•

The project was commenced in June 1997 and was completed in June 2004.
Additional funding was provided in 2005 and 2006 to cover operating and staff costs for
two trials.

•

In the 2006 analysis the scale of adoption related to the known area of durum wheat
grown each year during the term of the project, less 126 ha grown before the project
commenced.

•

Project costs include on-costs and overhead costs for all staff.

3.2 Other assumptions
•

Prices for each year were assumed at base rates for all delivery grades from National
AWB Pool 1.

•

Variable cost in growing either durum or hard wheat were assumed to be the same
except for durum requiring additional Nitrogen (N) fertiliser to ensure protein levels
were achieved.

•

The NPV calculation did not include a ‘costs saved’ item equivalent to research and
development project costs for hard wheat.

•

Nitrogen costs and gross margins were simulated using the SYN (Select Your
Nitrogen) model. Durum required an additional $4/ha to meet the specified protein
levels.

•

An additional $2/tonne was charged to durum to include extra freight costs due to the
limited number of receival points.

4. Key findings
The three key findings for why the durum wheat industry failed to meet its investment
potential were;
•

In the initial analysis the price premium for durum over hard wheat was assumed to be
$130/tonne. Subsequently the actual price difference was much less – an average
premium of $55 per tonne difference between DR1 and AH.

•

In the ex-ante analysis the yield difference between durum and hard wheat was
assumed to be similar to interstate levels, at 10 per cent. The actual yield difference
subsequently was found to be 17 per cent. That is, durum yielded 17 per cent less
than hard wheat in the same situation.

•

Durum grain quality and delivery points indicated greater uncertainty than expected of
meeting the DR1 grade.
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4.1 Price
When the durum wheat project commenced in 1997 the price difference between Durum 1
(DR1) and Australian Hard Wheat (AH) was $47/t. In 1998 the price difference increased to
$135/t, and in 1999 dropped again to $41.50/t. The price premium of durum never fully
recovered and price variations fluctuated from a minimum advantage of $17.5/t over hard
wheat prices to a maximum of $61/t in 2000. If DR1 had continued to enjoy large price
advantages over AH, similar to those experienced in 1998, growing durum would have
returned the farmer a benefit of $246/ha over growing hard wheat. The competitive
advantage would have encouraged greater adoption and the outcome of the project may
have been different.
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(Prices obtained from the AWB website: www.awb.com.au)

4.2 Yield
From the projections done in 1996, durum wheat was assumed to have 10 per cent less yield
than hard wheat. As there was little durum wheat grown in WA at the time, this yield
difference was taken from interstate data. Yield penalties in WA from six years of trial data
(CVT durum agronomy nitrogen trials) from 1998 to 2003 ranged from 7 per cent to 28 per
cent, with an average yield penalty of 17 per cent (see Table 3. Time Series of % Change in
Yield). Table four (Yield Sensitivity) looks at the sensitivity of yield between a weighted
average durum and AH price. This indicates that the breakeven yield penalty is only 9 per
cent. That is durum wheat needs to be at a yield penalty of 9 per cent or less to breakeven
with AH gross returns. At the average yield penalty of 17 per cent indicated in CVT trial data,
durum returns $18 less per hectare than AH.
Table 3.

Percentage change in Yield between durum and hard wheat

YEAR

1998

1999

2000

2001

2002

2003

AVERAGE

YD %

12%

16

28%

7%

18%

17%

17%
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Table 4.

Sensitivity of gross returns to yield penalty of durum vs hard wheat

Yd % diff

0%

5%

DR

$245

$245

AH

$225
$20

$ Diff

9% (Breakeven)

10%

15%

17%

20%

$245

$245

$245

$245

$245

$237

$245

$248
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$263

$270

$8

$0
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-$14

-$18

-$25

Durum yield at 1 t/ha
Yield is one of the major factors for farmers when adopting new varieties, and has been a
large influence on the lack of adoption.

4.3 Grades
Deliveries to CBH from 1998 to 2006 indicate that durum growers are not consistently
meeting the 13 per cent protein level for receival of (DR1) grain. The six year average
indicates there is only a 34 per cent probability of growers achieving DR1(13%), and a 17 per
cent probability of achieving DR2 (11.5%). The other 50 per cent of the durum wheat grown
is being delivered as DR3(10%). (See Figure 2. Average % of Durum Delivered 1998 –
2006)

DR1
34%
DR3
49%

DR2
17%

Figure 2.

Average proportion of durum, delivered in grades.

(Information sourced from the Cooperative Bulk Handling Statistics 1998-2006)

These delivery percentages are in direct contrast to hard wheat growers who, meet the AH
(10.5%) requirements 90 per cent of the time and fall into APW the rest (10%) of the time.
This probability difference may be due to the smaller window of opportunity available for
growers of durum wheat in meeting their protein requirements.
Figure 3, (Annual proportion of durum wheat grown and delivered in durum grades),
suggests there has been an increase in the percentage of durum delivered as DR1 in latter
years. From 2000 through to 2003 (with the exception of 2004) there has been an increase
from 14 per cent to 80 per cent of durum delivered at DR1. This suggests that farmer’s
knowledge in terms of the agronomy and management practice of growing durum wheat has
improved.
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4.4 Response to nitrogen
Data collected over the past six years, (1998-2004) indicates that durum and hard wheat
have similar responses to nitrogen (N). That is, for every unit of N applied to durum and hard
there is a similar increase in protein. Data also suggests that there is a protein/yield
response curve, where an increase in protein is accompanied by a decrease in yield. This
response curve further penalises durum in terms of yield where it meets the 13 per cent
protein level over hard wheat meeting 11.5 per cent protein.
As discussed above both durum and hard wheat show similar protein level responses to
applied N fertiliser. In order for DR1 to meet its 13 per cent protein requirement, additional N
applications are required – over and above the application needed to produce the 11.5 per
cent protein required for AH. The additional N required further penalises durum in terms of
growing costs. In the analysis an additional $4 per hectare of nitrogen fertiliser is required to
meet the protein requirements of DR1.
There is a higher probability of reaching the lower level of protein. This data suggests that
durum may be a riskier crop for farmers to grow in terms of meeting the protein requirements
for acceptance into the desired grade.

5. Results
5.1 NPV and BCR
The 1996 BCA showed a good benefit cost ratio of 6.9 and an NPV of $1.4 million. The
revised NPV was negative at –$2.2 million with a BCR of 0.72, indicting a negative return on
dollars invested in this project. This is a reflection of the lack of adoption of durum wheat –
due to unsatisfactory yields, price differences and uncertainty of DR1 delivery. Durum
production over the nine years and NPV of returns of $5.6M was sufficient to cover the
project costs (NPV of $1.4M). However, once the opportunity cost of not growing hard wheat
is considered, the NPV becomes negative. What this means is that the industry would have
been better off over that nine year period staying with hard wheat production rather than
converting to durum and incurring the cost of the research and development project.
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Table 5.

NPV of Durum and Hard Wheat Industry Benefits
NPV

Durum wheat benefits

$5.6M

Hard wheat benefits

$6.3M

Additional durum wheat farm level costs

$128, 000

Durum project costs

$1.4M

Total project NPV

-$2.2M

6. Other considerations
6.1 Freight
There are a limited number of delivery points for durum across the State. Farmers growing
durum outside the immediate delivery areas of these bins will suffer additional freight costs.
In the analysis an additional $2/tonne has been included to cover freight and storage costs,
this may further explain why durum has not been more widely adopted.

7. Conclusions
The BCR and NPV of the durum wheat project indicate a negative return on investment. The
durum wheat project is not expected to meet its adoption milestone and investment potential.
If durum is to become a successful industry there will need to be an increase in price
premium received for durum and an improvement in yield of new varieties. There has been
an improvement in the percentage of grain delivered into DR1 from 2000 until 2002, but
decreased from 2003 to 2006. This delivery increase into DR1 will also need to remain
consistent for durum to become a success.

8. References
PC to CVT data base.
SYN Select Your Nitrogen model.
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1. Background
Gastro-intestinal parasites (worms) cause serious problems for sheep farmers across the
world because of negative impacts on production (lower wool production, lower bodyweight,
higher death rates). Control of internal parasites in farm animals during the past 50 years
has depended largely on the use of anthelmintics. However, during the past two decades
the prevalence and severity of worm resistance to anthelmintics has increased. Nearly all
farms in Australia experience some form of resistance to the benzimidazole and levamisole
anthelmintics, and resistance to the macrocyclic lactone (ML) anthelmintics is increasing at
an alarming rate; in Western Australia Palmer et al. (2000) estimated it at 38 per cent in the
late 1990s, it is now over 50 per cent. With increasing resistance to anthelmintics and with
no sign of new anthelmintics being released in the future, reliance on anthelmintics will fail to
provide medium to long term control of worms in our animal production systems. The result
of this will be serious production losses or animal death. Improving the host’s genetic ability
to become resistant to worms appears to offer the most appropriate long term solution.
This benefit cost analysis will examine costs and benefits associated with the Breeding for
Worm Resistance project

Project history
The Breeding for Worm Resistance project commenced in 1986. Discussions were held
between DAFWA researchers and farmers from the Shires of Boyup Brook and Kojonup, on
how to develop sustainable worm control systems with less reliance on chemical control
options. In May 1987, 95 farmers each contributed eight maiden ewes, and five research
institutions contributed sires to the Breeding for Worm Resistance project. This formed the
basis of the Rylington Merino flock4. The flock consists of a selection line for low faecal
worm egg count and an unselected control line.

4

The flock was initially located on a community run property called Rylington Park in the Shire of Boyup Brook;
this lead to the name Rylington Merino. From 1990 the flock was relocated to the Mt Barker research station.
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Funding for the project has been supported by DAFWA, the International Wool Secretariat,
Woolmark and the Sheep CRC. The project so far has been made up of three stages. The
objectives of these three stages have been:
1.

To identify whether it was possible to breed sheep for resistance to worms, and if so, to
identify a method for selecting and breeding for worm resistance.

2.

To identify potential production losses associated with breeding for worm resistance.

3.

To demonstrate whether there were economic benefits of breeding for worm resistance
and to develop an extension package targeted at ram breeders located in
Mediterranean type environment.
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Stage 1 of the project showed that by selecting for faecal worm egg count (FWEC), a trait
that is heritable in Merino sheep, it is possible to breed sheep for resistance to worms. An
output of stage 1 was the development of the Rylington Merino resistant flock (co-operatively
funded by the Wool Corporation from November 1987 until June 1994). Figure 1 shows the
decline in FWEC resulting from 15 years of selection for low FWEC in the Rylington Merino
selection line compared to the unselected control flock (Karlsson and Greeff, 2006). During
this period, FWEC decreased on average by 2.7 per cent per year, which confirmed that
breeding for low FWEC resulted in a decreased in FWEC and consequently less
contamination of pastures with worms.

Genetic trend of selection for low FWEC in the Rylington Merino selection line.
Source: Johan Greeff (pers. comm.)

Stage 2 of the project found that selection for low FWEC in the Rylington selection line, did
not result in any unfavourable changes in the three major production traits: body weight,
clean fleece weight and fibre diameter (Greeff, Karlsson and Besier, 1999). This stage of the
project was necessary given it was highly unlikely that ram breeders would breed for worm
resistance if doing so adversely affected other production traits.
Stage 3 of the project involved an on farm productivity trial, which identified positive
economic benefits from breeding for worm resistance. For this analysis the extension phase
is included to 2011.

2. Derivation of costs
Through discussion with the project manager all expenses: salaries; capital; and operating,
were identified for DAFWA, AWC, Sheep CRC as well as the contribution from the farmers.
Costs up until 2005/2006 were known and future costs associated with the extension stage
of the project were estimated. To calculate DAFWA's indirect costs (e.g. infrastructure and
administration support) an on cost and overhead multiplier of 22 per cent was applied to the
DAFWA salary component.
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Project costs were re-expressed in present value 2005/2006 dollar terms using a discount
rate of 6 per cent.

3. Derivation of benefits
The benefit of DAFWA’s involvement in the Breeding for Worm Resistance project is an
improvement in returns principally by way of reduced worm burden resulting in improved
wool and meat production traits and lower drench and labour costs.

3.1 Calculation of benefits
Differences in production traits between resistant and non resistant (control group) sheep
were measured in a productivity trial (Greeff, Karlsson and Underwood, 20065) which
involved mating150 ewes to rams from the Rylington Merino worm resistant selection line,
and 150 ewes to rams from the unselected control line. Production data was collected for all
progeny (liveweight and condition score, faecal worm egg count, dag score, faecal
consistency, greasy fleece weight, fibre diameter, coefficient of variation of fibre diameter,
staple strength, staple length and clean yield). Statistical analysis of the production data
(Greeff, Karlsson and Underwood, 2006) found that the progeny of the resistant genotype
had:
•

significantly lower worm egg count at weaning (although not at 14 months of age);

•

significantly lower dag score;

•

significantly higher condition score and body weight;

•

significantly lower fibre diameter;

•

higher clean fleece weight;

•

higher wool yield;

•

significantly lower staple strength.

Income from wool production was calculated using AWI’s ‘Woolcheque’ prediction tool
(http://www.wool.com.au/) and income from meat production was calculated by using a
standard price of $1.20 per kg live weight after hogget shearing. The following table is taken
from Greeff et al. (2006).
Table 1

Differences in income from wool and meat production between the resistant and control line
$ Income from

Control

Resistant

Difference

Meat @ $1.20/kg live weight after shearing

$58.82

$64.68

$5.86

Wool

$18.07

$19.51

$1.43

Total income

$76.89

$84.18

$7.29

Sheep that were bred for resistance to worms were more profitable than those not bred for
resistance to worms, even though the low worm burden during the season meant that
drenching was not required for the control line (drench and additional labour costs would
normally need to be considered for the control line, however was not considered for this
analysis). Apart from drench and labour costs, there are no other cost differences between
farming the genotypes.

5

2004 was a low worm challenge season therefore this analysis is likely to underestimate the genetic benefits
expected in worm challenged seasons.
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The likely benefit, per head, per year of genetic gain, was calculated by dividing the gain in
total income per head ($7.29) by the years of selective breeding (14 years). This resulted in
a $0.52/hd/year benefit It is still unknown how long production gains are likely to increase on
this nearly linear path.
Using this information, a model was developed to map the flow of genetics through the Great
Southern Region and the Central Midlands regions of Western Australia. Assumptions of this
model are outlined in section 4 below. The extent of the flow of genetics depended on the
uptake of the breeding technology by stud breeders.

4. Key assumptions
Method of analysis

BCA

Term of the analysis

40 years

Per unit benefits ($/hd/year)

$0.39

Scale of Adoption (maximum breeding ewes mated per
year )

5,800,000

Probability of success

80%

Proportion of benefits attributed to this activity

47%

Year project begins

1986

Year adoption begins

1994

Percentage at peak adoption

50%

Year of peak adoption

2020

Benefits discontinued

2025

Discount rate

6%

CF cost

$1.2 million
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2000

1998

1996

0%
1994

% of ram breeders
breeding for worm resistance

Adoption Curve

Adoption curve for the Breeding for Worm Resistance project.

Explanation of key assumptions
•

The ‘term of the analysis’ was 40 years from the beginning of the project. The adoption
curve is expected to peak a few years prior to the completion of the analysis. Benefits
are likely to continue to accrue for many years after peak adoption. However, it is not
typical to model benefits beyond 30 years due to the inability to predict future events.
Also discounting causes benefits beyond 40 years to add little value to the final
profitability of the project.

•

The benefit ($/hd/year) was measured in a productivity trial comparing the ‘with’ and
‘without’ scenario’s for breeding for worm resistance. The ‘with’ scenario represents
sheep with a level of resistance to worms (Rylington selection flock). The ‘without’
scenario represents sheep with a level of resistance to anthelmintics (control flock). In
reality, with no further development of effective drenches, it is likely that this benefit
($/hd/year) will widen due to further production losses and sheep death for the ‘without’
scenario.

•

Due to the near linear decline in FWEC (Figure 1) it was assumed that production
gains associated with this decline were also linear. 15 years into the breeding trail,
FWEC continues to decline at around of 2.7 per cent per annum and it is unknown how
long this decline will continue. For this analysis it was assumed that the decline, and
therefore associated production gain will continue until 2017/2018 (most likely scenario
- see Figure 3)
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Worst Case

Figure 3.

Most Likely

2024/25

2022/23

2020/21

2018/19

2016/17

2014/15

2012/13

2010/11

2008/09

2006/07

2004/05

2002/03

2000/01

1998/99

1996/97

1994/95

Benefit ($/hd)

$12.48
$11.70
$10.92
$10.14
$9.36
$8.58
$7.80
$7.02
$6.24
$5.46
$4.68
$3.90
$3.12
$2.34
$1.56
$0.78
$-

Best Case

Worst case, Most likely and Best case scenarios for years of genetic progress.

•

It is unreasonable to assume that all farmers will achieve the genetic gain achieved by
the specially selected Rylington Merino flock ($0.52/hd/year). For this analysis it was
assumed that stud breeders are more likely achieve 75 per cent of the gain measured
in the productivity trial ($0.39/hd/year).

•

The scale of adoption for this analysis is the total number of breeding ewes being
mated to Merino rams. In this analysis, the Upper and Lower Great Southern and
Central Midlands regions of Western Australia have been considered. Together these
regions account for a majority of breeding ewes to be mated to Merino rams in the
state (75%, ABS Census 2001).

•

Project benefits were attributed to DAFWA, AWC, Sheep CRC and farmers. The
projected attribution of DAFWA was calculated by dividing DAFWA costs by total
project costs.

•

It has been assumed in this analysis that 250 (50%) ram breeders will take up breeding
for worm resistance and that ram breeders will adopt the technology in an exponential
fashion6 over a period of 26 years (1994 to 2020) See figure 2.

•

Project costs include on-costs and overhead costs for all staff. Unforeseen factors
individually or in combination (e.g. staff turnover or funding changes) could alter the
probability of success. An inability to get appropriate funding to undertake the
extension phase of the project could also limit the projects success. Accordingly, the
success rating is set at 80 per cent.

Other assumptions
•

This analysis assumes no new anthelmintics will be released on the market for the life
of this analysis (up to 2025). According to researchers there are currently no new
anthelmintics in the pipeline.

•

For this analysis it was assumed there would be no change in the price paid for rams
with worm resistance genetics. In reality, some price premium is likely at early stages
of adoption.

6
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To date it appears that the incidence of worm resistance amongst sheep is increasing in an exponential
fashion. For this reason it has been assumed that the uptake of the technology will follow in line with this trend
(Johan Greef, pers.comm)
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•

The ram to breeding ewe ratio used in this analysis was 1.5 (1.5 rams for every 100
breeding ewes).

•

The number of breeding ewes will remain constant through the life of this analysis.

4.1 Modelling assumptions
To calculate the benefit associated with the transfer of worm resistance genetics, it was
necessary to model the supply of rams with ‘new’ genetics from studs to commercial
properties. It was also necessary to model the life span of the progeny of these rams.

Availability of rams with new genetics
Each stud breeder was assumed to sell 350 ram lambs per year. This was derived from the
following assumptions:
•

The average number of breeding ewes in a stud is 2000.

•

Average weaning rate is 70 per cent.

•

4 per cent of ram lambs are kept on stud farm for further breeding.

•

50 per cent of ram lambs are available for sale commercially.

•

Remaining 46 per cent of ram lambs are culled.

67 per cent of stud rams sold commercially were assumed to be sold to the Great Southern
and the 33 per cent were assumed to be sold to the Central Midlands. This was based on
the proportion of ewes to be mated to Merino rams between each region as identified by ABS
(ABS census, 2001).

Flow of genetics across commercial flocks
Great Southern Region
•

It was assumed that the typical flock structure in the Great Southern Region was a self
replacing merino flock, turning of wether lambs and wether hoggets and keeping ewes
for mating (Gross Margin Guide, 2005);

•

Weaning rate was assumed to be 80 per cent;

•

Death rate was assumed to be 5 per cent;

•

See Appendix 1 for further details.

Central Midlands region
•

The typical flock structure for the Central Midlands region was assumed to be a self
replacing merino flock, turning of wethers as hoggets, 2.5, 3.5 and 4.5 year olds (Gross
Margin Guide, 2005);

•

Weaning rate was assumed to be 70 per cent;

•

Death rate was assumed to be 6 per cent;

•

See Appendix 1 for further details.
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5. Results
Table 2.

NPV, BCR and Costs for Breeding for worm resistance project (worst case (WC), most likely
(ML) and best case (BC) scenario)

Scenario

Net Present Value
($million)

Benefit Cost
Ratio

Worst case

4.9

4.8

Most likely

19.6

15.9

Best case

43.0

33.7

a

CF costs ($)

1,213,000

a

Probability
of success

80%

Total discounted cost of the project is $1.313 million.

Arguably, the most useful measure of economic worth is Net Present Value (NPV). The NPV
of a project is the value of the project in today's dollar terms. It is calculated by subtracting
the sum all future costs from the sum of all future benefits. This is then discounted to reflect
the time preference for money (Coelli, 1991). A project is considered acceptable if the NPV
is equal to or greater than zero. The Breeding for Worm Resistance project has a most likely
NPV of $19.6 million (Table 2).
Benefit Cost Ratio (BCR) shows the return per dollar of expenditure, and is measured by the
proportion of benefits expected in relation to the costs of undertaking the research and
implementing its findings (Lal et al, 1994). Unlike NPV, BCR gives no indication of the size of
the return, and so when used in conjunction with NPV, project size and value can be
determined. The Breeding for Worm Resistance project is likely to bring average returns of
$15.90 for every dollar spent (Table 2).
This analysis may underestimate the benefits of this project, as researchers believe that the
incidence of worm resistance in sheep will continue to increase exponentially, and therefore
the difference in $/hd/year benefit between the two scenarios will widen. The extent to which
this analysis underestimates benefits will depend on how large this difference will be.

Sensitivity Analysis
The parameters subject to uncertainty have been examined using sensitivity analysis. These
parameters include: Benefit (% of $/hd/year production gain, years of genetic
progress/production gain); scale of adoption (number of ewes mated to Merino rams), total
uptake of the adoption classes. The impact on the profitability of investment from changes to
these parameters is discussed below.

Benefit
The benefit of the Breeding for Worm Resistance project will differ if the actual benefit
($/hd/year) achieved by stud breeders is different from the assumed benefit, and if the
number of years over which benefits are attributed differ from the assumed timeframe.

Production gain ($/hd/year)
Stud breeders may achieve a different $/hd/year gain if the selection pressure they place on
worm resistance differs from that applied to the Rylington Merino flock. Changes in
commodity prices will also influence the $/hd/year benefit. Results of sensitivity analysis
show positive returns on investment for all benefit scenarios examined (Table 3). The results
indicate that even if the $/hd/year benefit is only 25 per cent of that identified by the
productivity trial (Greeff, Karlsson and Underwood, 2006), a reasonable BCR is achieved.
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Table 3.

1

BCRs for a number of gain ($/hd/year) scenarios for the Breeding for Worm Resistance project

$/hd/year benefit, and
the % of benefit identified in productivity trial1

Benefit Cost Ratio

$0.52, 100%

21.2

$0.39, 75% (Most likely)

15.9

$0.26, 50%

10.6

$0.13, 25%

5.3

Greeff, Karlsson and Underwood (2006).

Number of years of production gain
According to the Project Manager of the Breeding for Worm Resistance project, production
gains are still being made 12 years into the breeding program and the rate of genetic
progress has not began to slow. For this reason the number of years of genetic progress
was estimated to continue until 2017 (most likely scenario - see Figure 3).
If however genetic progress slowed before or after this assumed time, the benefit of the
Breeding for Worm Resistance project will differ only very slightly (Table 4). Results of
sensitivity analysis show that years of production gain has very little impact on the outcome
of this BCA. In fact, if no further genetic progress was made beyond today the project would
still return a BCR of 14.6. This is due to time preference for money (Coelli, 1991).
Table 4.

BCRs for years of genetic progress (WC, ML and BC scenarios) for the Breeding for Worm
Resistance project

Scenario

Years of production gain

Benefit Cost Ratio

Worst case

19

15.7

Most likely

24 (Most likely)

15.9

Best case

29

16.0

Adoption uptake
Expectations of the Project Manager are that 250 (50%) ram breeders will take up breeding
for worm resistance, and that they will adopt the technology in an exponential fashion over a
period of 26 years (1994 to 2020) (Figure 2). The benefit of the Breeding for Worm
Resistance project will depend on uptake of adoption (number of ram breeders adopting the
technology and therefore the availability of rams to commercial producers). As the extension
stage of this project is only partly underway, the actual level of uptake is unknown, hence
sensitivity analysis has been conducted to determine its impact on the results.
Sensitivity analysis reveals that the BCR is positive for all adoption uptake and time frame
scenarios examined (Table 5). The results indicate that it would be highly beneficial to
increase the rate of adoption. If this project is able to bring forward the rate of adoption such
that all 250 ram breeders take up the technology 5 years earlier (2015) the BCR of this
project improves significantly from 12.8 to 22.6 (assuming there is no extra cost to achieve
this). The impact of rate of adoption on BCR outcome is greater when adoption uptake is
high.
The results also show that reducing the target number of ram breeders from 250 to 125
(down 25%) and reducing the time to maximum adoption by 5 years from 2020 to 2015, will
also result in a BCR of 15.9 (benefits from a 5 year reduction in time to maximum adoption is
offset by a 25 per cent reduction in target adoption).
Returns to R&D Investment of DAFWA
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Table 5.

BCR’s for different levels of uptake and time frames for adoption.

WA ram breeders
No. and
% of total

125 (25%)

250 (50%)
(most likely)

375 (75%)

2025

6.0

9.1

11.7

2020 (most likely)

9.5

15.9

21.8

2015

15.9

28.0

39.8

Year of max.
adoption

Scale of adoption
The scale of adoption (number of ewes available for breeding) is likely to change with
changes in the relative profitability of sheep and cropping enterprises. For example if
cropping becomes more profitable relative to sheep (meat and wool), producers will allocate
less land to pasture and more to cropping and vice versa. Results of the sensitivity analysis
indicate that scale of adoption has a small influence on the BCR of the Breeding for Worm
Resistance project (Table 6). Even a 20 per cent reduction in the number of ewes available
for breeding achieves a very good BCR.
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Table 6.

BCR’s for different scales of adoption (% change in number of ewes available for breeding
with worm resistant rams relative to breeding ewe numbers in 2001 (ABS Census 2001)
Number of Ewes for breeding
(% change)

Benefit Cost Ratio

-20%

12.7

10%

14.3

0%

15.9
*a

17.4

*b

19.1

+10%
+20%
*

Reduced selection pressure of rams by stud breeders is required for this scenario to ensure enough rams
are available to mate with available breeding ewes.

a

Culling is reduced from 46% to 41%, with the difference being sold to commercial producers.

b

Culling is reduced from 46% to 36%, with the difference being sold to commercial producers.

The implications of reduced selection pressure has not been reflected in the $/hd/year gain.

Sensitivity Analysis Summary
Results indicate that changes to parameters in all cases do not reverse judgement that the
Breeding for Worm Resistance project is likely to be a profitable investment.

Break Even analysis
Breakeven analysis was performed on certain characteristics to determine the minimum
requirement (all other factors remaining unchanged) to achieve a positive return on
investment (benefit cost ratio of 1). The results are presented in table 7.
Table 7.

Minimum requirements to achieve a BCR of 1 for the variables: production gain, adoption
uptake and scale of adoption

Production gain ($/hd/year)
Adoption uptake (No. of ram breeders)
Scale of adoption (breeding ewes)

Most likely

Minimum
Requirement

Benefit Cost Ratio

75% ($0.39)

5% ($0.03)

1

250

3

1

6,800,000

350,000

1

Results of breakeven analysis indicate that for the Breeding for Worm Resistance project to
breakeven, only a small proportion of the expected $/hd/yr gain is required; $0.03/hd/yr
(assuming adoption uptake is unchanged). Results also show that only 3 ram breeders (a
total estimated turnoff of 1050 rams per year) are required to uptake the technology for this
project to breakeven. These minimum requirements are quite low because the multiplicative
benefits of the project are spread over a large scale (number of breeding ewes). If the scale
of adoption was considerably smaller (if commercial producers did not buy these rams), then
the required $/hd/year gain would need to be much higher.

6. Conclusions
Based on the assumptions used in this analysis, the Breeding for Worm Resistant project is a
highly profitable investment. Excellent outcomes are reported despite that the scope of this
analysis is restricted to benefits attributable to the Great Southern and Central Midlands
regions of WA only.
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Sensitivity analysis reveals the potential for a variation in the profitability of the investment in
this project; however despite this variation even the worst case scenarios examined reveal a
positive return on investment. Results of the breakeven analysis verify that the benefits from
this project are likely to be high, and that there is little chance of the present value of costs
being greater than the present value of benefits (i.e. BCR < 1).
Success of this project is influenced greatly by both the rate of uptake and the scale of
uptake of the technology by ram breeders. Adoption by stud breeders is likely to be driven
by a greater awareness of the economic benefits of breeding for worm resistance. Breeders
need to be kept informed on the profile of drench resistance across the state and the
changing economics associated with this. Appropriate funding for the extension phase of
this project is necessary and recommended to achieve the level of success highlighted in the
BCA.
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Appendix 1
Great Southern Flock Structure
Start
Ewes

Weaned (80%) Deaths (5%)

Sold

Purchases No at end

1,800

90

337

1800

Ewe hoggets

450

23

405

450

Ewes mated

2,250

113

Ewe lambs

900

900

45

900

Wethers
Wether hogget
Wether lambs
Rams

192
203

900

34
TOTAL

3,387

1800

11

697

203

2

5

7

34

171

1636

7

3387

Central Midlands Flock Structure
Start
Ewes

Weaned (75%) Deaths (6%)

Sold

Purchases

No at end

2000

120

350

2000

Ewe hoggets

500

30

381

500

Ewes mated

2500

150

Ewe lambs

938

Wethers

600

36

387

600

Wether hogget

450

27

431

450

Wether lambs

938

Rams

938

938

37.5
TOTAL

5464

1876
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938

57

938

3

5

8

38

330

1554

8

5464
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Summary of results

A

1.

NPV ($m)

BCR

$18.5

7.6

Project Costs
($ m)
$2.787

A

Probability of
success
90%

Discounted value.

Background

In Mediterranean climates in Australia, the seasonal fluctuations in available pastures
generally mean that at some stage during pregnancy grazing ewes will become
undernourished. This is particularly true for autumn lambing where ewes are pregnant over
summer.
The level of feed intake by ewes during mid and/or late pregnancy can influence wool
production and quality, lamb birth weight and survival, the level of secondary follicle initiation
and development in the fetus (fetal programming). Therefore, the lifetime quality and
quantity of wool produced by the progeny can be influenced by the nutrition of the ewes.
The current recommended ‘industry best practice’ is to lamb in late winter/early spring so that
early lactation coincides with the onset of the spring flush of pasture growth, and to manage
ewes to maintain body condition score three throughout pregnancy. However, there is no
information available describing the cost: benefit of different amounts of annual pastures
during late pregnancy and lactation, on the productivity of the ewe and its progeny. The
Lifetime Wool Project jointly funded by the Department of Agriculture and Food Western
Australia (DAFWA), Department of Primary Industries (DPI) Victoria and Australian Wool
Innovation (AWI) has set out to rectify this deficiency.
The aim of the Lifetime Wool project is to develop, demonstrate and communicate practical
grazing management guidelines that enable woolgrowers across southern Australia to
increase lifetime production of wool per hectare from ewes and their progeny by 20 per cent,
without compromising wool quality or the environment. This research project is targeted at
specialist wool and mixed enterprise wool producers in the high rainfall and wheat-sheep
zones throughout Australia.
This BCA is confined to measuring the costs incurred by DAFWA and benefits to Western
Australia only. It does not attempt to measure benefits to other Australian states.
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2. Derivation of Costs
Through discussion with the project manager all expenses: salaries; capital; and operating,
were identified for DAFWA and AWI. Costs up until 2005/2006 were known and future costs
associated with the extension phase of the project were estimated. To calculate DAFWA's
indirect costs (e.g. infrastructure and administration support) an on cost and overhead
multiplier of 22 per cent was applied to the DAFWA salary component.
Project costs were re-expressed in present value 2005/2006 dollar terms using a discount
rate of 6 per cent.

3. Derivation of benefits
The benefit of DAFWA’s involvement in the Lifetime wool project is an improvement in
returns per hectare, principally by way of increased pasture utilisation and subsequent
lifetime production of wool per hectare from ewes and their progeny.
Results from the research phase of the Lifetime Wool project have found that improved
nutrition of ewes during pregnancy and lactation result in:
•

an increase in wool produced per hectare (although a reduction in clean fleece weight
(CFW) per head);

•

a reduction in fibre diameter.

Results have also shown that higher ewe live weight and condition score during pregnancy
has subsequent positive effects on the lifetime performance of their progeny. Specifically:
•

an increase in the survival of progeny;

•

an increase in wool production per head of progeny;

•

a reduction in fibre diameter of progeny.

It is likely that even without this R&D effort, improvements in pasture utilisation and the
subsequent lifetime production of wool per hectare from ewes and their progeny would occur.
This is due to similar key messages being delivered by consultants and other projects across
WA (for example the Pastures from Space project For this analysis, the value of the Lifetime
Wool project was measured as bringing forward the rate of innovation and change.
Therefore the ‘without’ scenario was consistent with the ‘with’ scenario but it included a
longer delay in the adoption of management practices that improve ewe pasture utilisation.
The delay until adoption ‘without’ the project was expected to be six years.

3.1 Calculation of benefits
Benefits of improved pasture utilisation and subsequent wool production of ewes and their
progeny were determined using the Great Southern version of the farming systems model
MIDAS (Model of an Integrated Dryland Agricultural System) (Pannell and Kingwell, 1997).
The value of the research output was derived by comparing MIDAS results with and without
increased pasture utilisation and improvements in wool production associated with the
improved ewe nutrition scenarios.
Production characteristics modelled in MIDAS are detailed in Table 1. Improvements in
pasture utilisation were represented by an increase in stocking rate. Improvements in clean
fleece weight, fibre diameter and lamb survival were also modelled.
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Table 1.

1

Production characteristics modelled in MIDAS representing worst case, most likely and best
case scenarios for: stocking rate; lamb survival; clean fleece weight (CFW); and fibre diameter
(FD)
Worst Case

Most likely

Best Case

Stocking rate (SR) and
% increase in SR

11 DSE1/ha
0%

12 (DSE1/ha)
9%

13 DSE1/ha
18%

Lamb survival and
% increase in lamb survival

85%
0%

87%
2%

91%
7%

CFW (kg clean) of progeny and
% increase in CFW)

2.54
0%

2.59
2%

2.64
4%

FD of progeny (µm) and
% reduction in FD

20 um
0%

19.9 um
0.5%

19.7 um
1.5%

Dry sheep equivalent.

Whole farm profit was optimised for each of the above scenarios and a $/ha benefit was
calculated by attributing the change in whole farm profit to the area of pasture grazed
Table 2.

Percentage increase in $/ha of grazed pasture for worst case, most likely and best case
scenarios
Worst Case

Most likely

Best Case

0%

19%

33%

% increase in $/ha

Due to time restraints it was not possible to model the benefits associated with all WA
regions likely to benefit from the project. To capture the benefits to these regions, the
percentage gain in $/ha outlined in Table 2 was applied to the Gross Margin per pasture
hectare published in the 2005 Gross Margin Guide. This was done for each of the following
regions: Esperance Sandplain, Central South Coast, Central and Northern Agricultural
zones7 (Table 3).
Table 3.

Gain ($/ha grazed) for worst case, most likely and best case scenarios
Gross Margin
Guide 2005
$/pasture ha

Worst Case

Most likely
(19% gain)

Best Case
(33% gain)

Esperance Sandplain

$91

0

$17

$30

Central South Coast

$44

0

$8

$15

Central

$72

0

$14

$24

Great Southern

$143

0

$27

$47

Northern Agricultural Region

$50

0

$10

$17

7
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It is assumed that that the % gain made in the GS-MIDAS are applicable to all other high rainfall zones across
WA.
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4. Key assumptions
Method of analysis

Esperance Sandplain Central South Coast

Term of the analysis
Per unit benefit ($/ha grazed pasture)
Scale of Adoption (total area of pasture)

Central

Early adopters: 18 years,

Northern Agricultural
Region

Great Southern

Early majority: 22 years

$17.30

$8.40

$13.70

$27.30

$9.50

585,714 hectares

487,857 hectares

834,007 hectares

1,242,527 hectares

1,500,337 hectares

Probability of success

90%

Proportion of benefits attributed to this
activity (avg)

25%

Time delay to natural adoption

4-8 years

Year adoption begins

Early adopters: 2004,

Early majority: 2006

Percentage at peak adoption

Early adopters: 10%,

Early majority: 15%

Year of peak adoption

Early adopters: 2009,

Benefits discontinued

Early majority: 2016
2018

Discount rate

6%

CF cost

$890,357

Adoption Curve

16%
14%
Adoption (%)

12%
10%
8%
6%
4%
2%

Early Adopters

Figure 1.
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2017

2016

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

0%

Early Majority

Expected adoption of Lifetime wool key messages for early adopters and early majority.
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4.1 Explanation of key assumptions
Three classes of adopters were identified by the Lifetime wool team: a) Innovators (top
5% of producers), b) Early adopters (next 10% of producers) and c) Early majority (next
35%) of producers. Together these adoption classes make up the top 50 per cent of all
producers. The proportion of the adoption classes targeted by the Lifetime Wool
project (Figure 2) include:
○

all early adopters (10% of producers);

○

top 15 per cent of early majority (15% of producers).

Probability Density

y

0
0

100

Early Adopters
(10%)

Figure 2.

Early majority

(15%)
Proportion of adoption classes targeted by the Lifetime Wool Project: Early adopters -10% of
producers and Early Majority - 15% of producers.

y

Innovators are not expected to benefit from the Lifetime wool project as it assumed
they already run efficient businesses. It is also assumed that the bottom performing
producers (70%) will not adopt the practices recommended by the Lifetime wool
project.

y

The term of the analysis was 18 years from the beginning of the project for early
adopters and 22 years for early majority. Early adopters are expected to adopt more
rapidly than the early majority (year of peak adoption 2009 versus 2016, see Figure 1).

y

A $/ha benefit resulting from improved pasture utilisation, was derived by comparing
MIDAS outputs with and without the expected production increases associated with
each scenario. It is unreasonable to assume that all farmers will achieve the benefit
achieved by MIDAS (as MIDAS is an optimising model). For this analysis it was
assumed that farmers would achieve 80 per cent of the $/ha benefit gain from MIDAS.

y

The scale of adoption for each region equals the total area of pasture in targeted shires
(Australia Bureau of Statistics (ABS), 2001). It has been assumed that the area of
pasture grazed in future years remains unchanged. If however sheep profitability
increases relative to other farm enterprises (e.g. cropping), the area of pasture grazed
in future years would most likely increase, in which case the results of this analysis
underestimate benefits of the Lifetime Wool project.

y

Project benefits were attributed to DAFWA and AWI. The projected attribution of
DAFWA was calculated by dividing total DAFWA costs by total project costs (WAFDA +
AWI).
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y

A key component in attribution of benefits is the time frame for natural adoption to take
place without this project. It was assumed that the time delay to natural adoption was
six years. Sensitivity analysis was performed on this factor.

y

Project costs include on-costs and overhead costs for all staff. Unforeseen factors
individually or in combination (e.g. staff turnover or funding changes) could alter the
probability of success. Accordingly, the success rating is set at 90 per cent.

4.2 Other assumptions
y

If the assumed prices used in MIDAS alter in a manner that favours the sheep
enterprise over cropping enterprise, the benefits of this project would be further inflated
and vice versa.

y

It was assumed that target farmers had 25 per cent larger farms than the average
farmer. The scale of adoption (number of hectares) was altered to reflect this.

5. Results
Table 4.

a

NPV, BCR and Costs for Lifetime Wool Project (most likely and best case scenario)

Scenario

Net Present Value
($million)

Benefit Cost Ratio

Most likely

18.5

7.6

Best case

34.1

13.2

CF costs ($)

890,357

a

Probability
of success
90%

Total discounted cost of the project is $2.787 million.

Arguably, the most useful measure of economic worth is Net Present Value (NPV). The NPV
of a project is the value of the project in today's dollar terms. It is calculated by subtracting
the sum of all future costs from the sum of all future benefits. This is then discounted to
reflect the time preference for money (Coelli, 1991). A project is considered acceptable if the
NPV is equal to or greater than zero. The Lifetime wool project has a NPV of $18.5 million
(Table 4).
Benefit Cost Ratio (BCR) shows the return per dollar of expenditure, and is measured by the
proportion of benefits expected in relation to the costs of undertaking the research and
implementing its findings (Lal et al, 1994). Unlike NPV, BCR gives no indication of the size of
the return, and so when used in conjunction with NPV, project size and value can be
determined. The Lifetime wool project is likely to bring average returns of $7.60 for every
dollar spent (Table 4).
As all project costs are incurred in the initial stage of the project, extension of the Lifetime
wool key messages to appropriate regions across the state will ensure greater return on
investment.

5.1 Sensitivity analysis
The parameters subject to uncertainty have been examined using sensitivity analysis. These
parameters include: time delay to natural adoption, $/ha benefit to the livestock enterprise;
scale of adoption (area grazed in each region), and total uptake of the adoption classes. The
impact on the profitability of investment from changes in these parameters is discussed
below.

5.2 Time delay to natural adoption
Analysis of the Lifetime Wool project shows a clear benefit, however the level of benefit
depends on how quickly the adoption of the innovation is accelerated by the Lifetime wool
Returns to R&D Investment of DAFWA
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extension effort (Table 5). For this analysis it has been assumed that the gap between
natural adoption and accelerated adoption is 6 years. If in reality this gap is larger, the
benefits of this project will be greater and vice versa. The benefits of this project are more
sensitive to a reduction in the delay than an increase in delay (3 year reduction = 2.9
reduction in BCR, 3 year increase = 1.8 increase in BCR). This is due to time preference for
money.
Table 5.

Impact of time delay until natural adoption on profitability of the Lifetime Wool project

Delay in adoption without the project NPV ($m)

BCR

9 years

$23.5

9.4

6 years (most likely)

$18.5

7.6

3 years

$10.4

4.7

5.3 Livestock benefit ($/ha)
The benefits of the Lifetime wool project will differ if the actual benefit ($/ha) to farmers is
different from the assumed benefit. This may come about if improvements in pasture
utilisation are lower than expected, if changes in wool production of progeny are different
from the production gains identified by the research phase of the project, or if commodity
prices differ from assumed prices.
Sensitivity analysis of benefit ($/ha) shows positive returns on investment for all scenarios
examined (Table 6). Even if production levels are 50 per cent lower than expected,
reasonable benefits would result.
Table 6.

Impact of $/ha benefit on the profitability of the Life time Wool project

% change in $/ha benefit relative to most likely scenario

Benefit Cost Ratio

+25%

9.5

0% (most likely)

7.6

-25%

5.7

-50%

3.8

5.4 Scale of Adoption
The size of total benefits associated with the Lifetime wool project will depend on the scale of
adoption (number of hectares) over which the benefits are multiplied. This is likely to change
with changes in the relative profitability of sheep and cropping enterprises. For example if
cropping becomes more profitable relative to sheep (meat and wool), producers are likely to
allocate less land to pasture and more to cropping. The implication of this is a reduction in
the scale of adoption and vice versa.
Results of the sensitivity analysis indicate that scale of adoption has a small influence on the
BCR of the Lifetime wool project (Table 7). Even with a 25 per cent reduction in the total
area of grazed pasture, the BCR is very good.
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Table 7.

BCRs for different scales of adoption (hectares of grazed pasture)

Scale of Adoption

Benefit Cost Ratio

+25%

9.5

+15%

8.8

No change (most likely)

7.6

-15%

5.7

-25%

6.5

5.5 Adoption (uptake)
Since the uptake of key messages from the Lifetime wool project is uncertain, three adoption
or uptake levels have been examined. Results are shown in Table 8 for the various scales of
adoption analysed above.
Table 8.

BCRs for different levels of uptake and scales of adoption
Adoption
Uptake

5% Early Adopters
5% Early Majority

10% Early Adopters
15% Early Majority

10% Early Adopters
35% Early Majority

+25%

4.0

9.5

15.4

Scale of
adoption

+15%

3.7

8.8

14.1

No change

3.2

7.6

12.3

-15%

2.7

5.7

10.4

-25%

2.4

6.5

9.2

Sensitivity analysis reveals that the BCR is positive for all adoption scenarios examined. The
BCR of the Lifetime Wool project is more sensitive to changes in scale of adoption when
adoption uptake is high. These results indicate that increasing adoption uptake is highly
beneficial8, particularly if the cost of achieving this outcome is low.

5.6 Break even analysis
Breakeven analysis was performed on certain characteristics to determine the minimum
requirement (all other factors remaining unchanged) to achieve a positive return on
investment (benefit cost ratio of 1).
Results of breakeven analysis are presented in Table 9. The minimum proportion of farmers
required to uptake the technology to achieve a positive return on investment is 3 per cent
(1% early adopters and 2% early majority). This equates to 0.13 million hectares of targeted
grazing land. The adoption area need only be small due to the relatively large $/ha gains
expected from the project and the reasonably long time delay to natural adoption.
A small proportion (3%) of the expected $/ha gain is required for this project to breakeven
(adoption uptake unchanged).
These results verify that the benefits from this project are almost certain to be positive.

8

The cost associated with achieving the various scales of adoption were not considered for this sensitivity
analysis.
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Table 9.

Minimum requirements to achieve a BCR of 1 for the variables: time delay to natural adoption;
$/ha benefit; and adoption uptake
Most likey

Minimum
Requirement

Benefit Cost Ratio

6 years

7 months

1

19%

3%

1

Early adopters

10%

1%

1

Early majority

15%

2%

Time delay to natural adoption
$/ha (winter grazed) gain
Adoption uptake:

6. Conclusions
The benefit cost analysis of the Lifetime wool project reveals the project as a profitable
investment. Although the scope of the benefit cost analysis is restricted to considering only
benefits attributable to speeding up adoption, excellent outcomes are reported.
Sensitivity analysis reveals the potential for a variation in the profitability of the investment in
the Lifetime wool project; however despite this variation even the worst case scenarios
examined reveal a positive return on investment.
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Summary of results
Net present value
Benefit cost ratio
($m)
-$83,000
a

Total project
costs a

CF costs a

Probability of
success

$1.95M

$0.96M

100%

0.96 (break-even)

Discounted value.

1. Background
Dryland salinity in the agricultural areas of WA is predicted to cover as much as 30 per cent
of the landscape by 2050. However, saline land which has not degraded completely is
recognised as a significant and under-utilised resource. There are opportunities for farmers
to harness the benefits of extra production through the introduction of improved land
management practices – specifically adapted salt-tolerant pastures.
The Sustainable Grazing on Saline Land (SGSL) project is a national effort initiated by
Australian Wool Innovation Ltd (AWI) and Land & Water Australia (LWA). It includes
financial support from Meat & Livestock Australia, as well as CSIRO, the CRC for Plantbased Solutions to Salinity and State agencies. In Western Australia there are 2
components – a research component and a Producer Network component. This analysis
addresses the Producer Network component only.
The Producer Network component is managed by the Department of Agriculture and Food
under the guidance of a producer dominated State Committee. CF funds are used for
salaries of Department of Agriculture and Food operatives. Funds ex AWI and LWA were
allocated as incentives to producer groups to implement on-ground projects (farmer
experiments) addressing various factors in establishing and maintaining saltland pastures.
Some funds were also used to develop networks of people participating in revegetation of
salt-affected land with salt-tolerant pastures.
The project commenced in 2001/2002 and is due for completion by November 2006.
The Producer Network part of SGSL is largely an ‘extension’ and ‘development’ effort with
the following objectives as listed in the original application:
1.

Assist woolgrowers to identify the key issues relating to their use of saline land;

2.

Underpin woolgrower’ efforts to explore options and solutions for their saline land; and
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3.

Work to share the information across the network in WA and the other southern States.

The ‘working objective’ of the SGSL Committee was to build the case for investment by
farmers in saltland pastures. The methods to be used involved:
-

Establish 60 producer sites (actually established 70 sites).

-

Credible data collected in farming system context.

-

Nurture the sharing of knowledge across the network.

2. Derivation of benefits
The SGSL Producer Network project has ‘process’ oriented objectives and is focussed on
‘sharing of information’ as a methodology. The implication is that this process of sharing
information will improve the background experience and knowledge base of participants and
engender greater confidence in their implementation of saltland pasture treatments. The
impact will mainly be improvements in adoption of saltland pasture technologies. Hence a
major part of the benefits to the project were assumed to be either an increase in total
adoption and/or bringing adoption forward.
However, there is also a research component in the on-farm demonstrations where different
techniques of establishment were explored. The results of these trials are expected to
reduce the average cost of establishment for future plantings - due to improved
information on choosing the most appropriate methodologies and species mixes appropriate
to specific sites, and therefore better success rates.

2.1 Calculation of benefits
Benefits were calculated solely from the on-farm financial perspective of saltland grazing –
and in Western Australia alone. It is likely there would also be an influence into other States
because WA has the largest project within the national framework but any such influence
was disregarded. Environmental or social benefits are difficult to capture in a $ form and
have also been omitted from the analysis although some brief commentary appears in the
Results section.
The BCA reported in this document has investigated 2 main analysis areas:
•

How much land is available in WA and likely to be established to salt-tolerant pastures
over what time period? This derives an ‘average’ annual area of establishment per
farm due to all influences, i.e. assuming the SGSL project did not exist. This is the
‘What would have happened anyway? scenario - WITHOUT the SGSL Producer
Network (SGSL P/N) project.

•

What are the likely influences of the SGSL P/N project on that progression of adoption?
What results will the project produce to effect what different scenario? What proportion
of farmers who were going to do things anyway will be influenced by the project – and
in what way?

The difference between the above 2 scenarios provides an estimate of the on-farm benefits
of the project. These can then be compared to the costs of the project to assess whether the
funding was a good investment.
Revegetation of saltland with salt tolerant pastures will progress (i.e. with or without the
SGSL P/N project) due to a large number of influences, e.g. CRC, SGSL research project,
other R&D, producer investigations, etc. The SGSL national project itself is jointly funded
and has many partners- of which the WA Department of Agriculture and Food is one. While
the specific SGSL P/N project funding budget and in-kind contribution is able to be calculated
reasonably easily, it is difficult to tease out individual partner attribution of any derived
benefits. Hence the approach in this analysis was to determine the on-farm benefits in total
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(i.e. from all sources) and then assess what the differential benefit would be using
assumptions of reduced establishment costs and adoption responses attributed to the SGSL
P/N project investment.
A customised EXCEL spreadsheet workbook was used to set up a discounted cash flow
analytical framework to capture the assumed benefits and costs for any period up to year
2050. Improvement in these future cash flows due to the influence of the SGSL P/N project
was then tested. Adoption of improved salt-tolerant pastures is likely to occur over an
extended period as salt-affected land increases under the influence of rising watertables.
The National Land & Water Resource Audit 2000 forecast increasing areas of salt-affected
land continuing up to year 2050.
The analytical model was set up to enable both establishment cost and adoption outcomes to
be explored simultaneously. The investment analysis is capable of analysis over up to 50
years but was restricted to 30 years on the basis that the project did not commence until
2001 and any response in the way farmers might react to results is delayed until 2005.
It is based on assuming 1 hectare of saltland established in any year (say year 1) to salttolerant pastures produces grazing benefits progressively over the following 29 years.
Different (lower) lengths of time for benefits to accumulate apply depending at what point in
the 30 year period it is established.
Differential benefits between the ‘WITH’ (SGSL P/N project) vs the ‘WITHOUT’ can be varied
in accordance with the assumed influence of the project on costs of establishment and
adoption. Assumptions for pasture establishment rates were made for Western Australia
from which the costs of establishment and $ returns were used to derive Present Values.
All cash flows were started in Year 2000 to align with the first year of the National Audit
estimates of areas of salinity - but all Present Values listed were worked back to 2001 where
the first costs of the project commenced.

2.2 Land resource
The amount of land available for possible saltland pastures was imputed from the National
Land & Water Resources Audit - Australian Dryland Salinity Assessment 2000. This Audit
provided State estimates of agricultural land affected by salinity in 2000 and the risks of
salinity in 2020 and 2050. It is fortunate that the first year of the Audit nearly corresponds
with the first year of the SGSL P/N project and the subsequent estimates effectively provide 3
points on the risk curve – to allow estimates of the rate of development of salinity over the
50-year period.
In order to provide estimates of the potential areas for saltland pastures, estimates of total
salinity for Western Australia were adjusted downwards in order to account for the following
factors:
•

Actual salinity vs risk of salinity

The Audit figures were calculated on a 1:250,000 scale to provide landscape areas where
there was ‘risk’ of rising watertables and salinity developing. Within each of these areas,
actual salinity would be significantly less. A check was provided from the Land Monitor
project in Western Australia which established that around 4 per cent of the agricultural area
is actually salt affected. Allowing for areas of primary salinity, there could be between
300,000 and 700,000 ha of secondary salt-affected agricultural land in WA. A more recent
report (SIF WA Kingwell et al) is considered more definitive and hence estimates of areas of
salinity in WA were set as 820,000 ha in 2000, 1.05M ha (2020) and 1.39M ha (2050). The
model was adjusted to accommodate these changes.
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•

Not suitable for revegetation

Much of the identified salinity would not be suited to revegetation of any sort, e.g. drainage
lines, primary salinity, seasonal salt lakes. This is the type of land in WA which might carry
volunteer samphire and considered too hostile to contemplate revegetation. Specialist
comment (Ed Barret-Lennard pers. comm.) suggests in WA that around 40-50 per cent of
saltland might lie in that category. Hence the saltland areas were adjusted downwards in
helping to derive an area suited to saltland pasture revegetation.
•

Non-pasture uses

Some of the salt affected land suitable for revegetation would be treated in alternative ways,
e.g. planted to trees, raised beds, salt tolerant cropping. Again a key piece of information is
available from ABS Bulletin 4615.0 and summarised in Economic Evaluation of Salinity
Management Options in Cropping Regions of Australia edited by Ross Kingwell. Table 5 on
page ix summarised the area of trees planted for salinity management by State. 10 per cent
of the area planted to trees for salinity management was assumed to be planted on
discharge areas and hence the available area for saltland pastures was reduced by that
amount.
•

Future adoption

While it is likely there will be increasing areas of saltland pastures established, it is unlikely to
match the huge explosion in ‘available’ land as estimated by the Audit. Assumptions were
made about how much of that future land would actually be managed by saltland pastures.
The following chart will assist readers conceptualising the methodology used in determining
future adoption levels. It demonstrates how the potential areas of saltland pastures are
derived from the Audit numbers reduced down progressively using assumptions as outlined
above.

Saltland areas 2000, 2020,2050 - adoption of saltland
pastures in WA.
1600000
NLWRA
Actuals

1400000

Hectares

1200000

Suited to
reveg. Total

1000000
800000

Suited to
reveg. after
trees
Saltland
pastures

600000
400000
200000
0
2000

2010

2020

2030

2040

2050

NLWRA forecast years
The actual numbers used in deriving the areas likely to be planted to saltland pastures
appear in Table 1.
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Table 1.

Derivation of likely areas planted to saltland pastures 2000 to 2050
Western Australia

Risk of salinity (NLWR Audit)
Assumption: Actual land affected by salinity (%)
Land affected by salinity (ha)
Assumption: Not suitable for revegetation

Yr 2000

Yr 2020

3,552,700 ha

4,181,700 ha

23%
820,674 ha

492,404 ha

Trees planted for salinity management (ABS Bulletin
4615.0)

496,000 ha

21%

1,049,607 ha

1,388,881 ha

721,337 ha

1,060,612 ha

648,677 ha

953,776 ha

10%

Suitable saltland (ha) for revegetation after trees

442,804 ha

Actual saltland pasture (ABS Bulletin 4615.0)

184,000 ha
(42%)

Assumption: Saltland pasture % of suitable area
Estimated saltland pasture

6,490,100 ha

40%

Saltland suitable for revegetation

% trees planted on discharge areas

25%

Yr 2050

45%
184,000 ha

291,905 ha

45%
429,199 ha

The values at the bottom of the table were key assumptions in setting out the discounted
cash flow investment analysis. These were derived in discussion with the project manager
who believed there would be around another 100,000 ha established to year 2020, and
probably around another 150,000 ha in the 30 year period from year 2020 to year 2050.
Obviously these projections are assumptions but are necessary to establish a base scenario
for the analysis.

2.3 Number of farms impacted
From the estimates under Land Resource above, an average annual area established per
farm was derived in consideration that only about 30 per cent of farms with livestock in the
WA agricultural areas (30% of 6,000 farms = 1,800) are affected by salinity.
The SGSL P/N project established 70 demonstration sites throughout the WA agricultural
areas under the incentive payment scheme. All sites were designed to be a focus for a local
farmer group, be they an LCDC/Landcare group, a farm improvement group, catchment
group, etc. hence the ‘network’ component. Members of these groups were the particular
target audience of the project.
Project management have assessed that there would be an average 10 farmer members
attached to each site - hence 700 farms where the results of the project could be applied.
However, as an estimate and because it forms the foundation to analysis, the number of
farms impacted has been subject to sensitivity testing – refer Sensitivities 2 in Results
section 4.

2.4 Adoption benefits
Progressive adoption of saltland pastures was formulated in consideration of the factors
listed under Land Resource above. In essence, the ‘available’ land for adoption was imputed
from the NLWR Audit base then adjusted (downwards) for the more recent information from
Land Monitor and WA SIF, the areas not suited to revegetation, the areas already planted to
trees, and the areas likely to be used for alternative land management options. The base
starting position in 2000 was the area already established to saltland pastures as collated by
ABS.
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The ‘actual’ areas for Western Australia over the 3 years 2000, 2020, and 2050 are listed in
Table 1 (above). This 50-year progression was set up in a spreadsheet with adoption being
ongoing and highest at year 50, i.e. did not peak. With only 3 points on the curve, adoption
is straight line (equal annual areas adopted) between the individual periods. However, the
slope is slightly higher between years 2000 and 2020 (5,395 ha established per year) than
the slope between years 2020 and 2050 (4,536 ha established per year). Only the first
30 years of that 50-year progression was used for the analysis. There is no further
accumulation of cash flows after 2030 meaning the analysis is truncated at a point where the
adoption curve continues to climb. Note the SGSL P/N project did not commence until 2001
and no impact until 2005 – effectively meaning the benefits only have 25 years to
accumulate. There is no ‘disadoption’ as would normally be expected in similar benefit:cost
analyses. The total adoption curve then provided the base for assessing what the SGSL P/N
project impact might be – in a differential (With vs Without) perspective.

2.5 Benefits to lower costs of establishment
The on-farm experimentation through the SGSL P/N project is expected to impact on the
costs of establishment of new pastures. The majority of demonstrations were assessing
various techniques (e.g. seeds vs seedlings, raised beds, saltbush spacings) and different
pasture species for their adaptability to specific sites. Given the geographic range of the
demonstrations and the representation of different techniques and species on
light/medium/highly affected land, a large data base has been built. Improved knowledge of
‘what worked well and where’ provides more confidence in selecting the best option with
improved chances of success. One of the barriers to adoption has consistently been the
perceived high costs of establishment so this work is expected to influence future decisions
by farmers by encouraging less costly options – either in terms of direct cost inputs or
through higher success rates with initial plantings (avoid the costs of replanting).

2.6 Profit from revegetated saltland
Whole farm profit case studies for Western Australia as reported in Economic Evaluation of
Salinity Management Options in Cropping Regions of Australia edited by Ross Kingwell (pp
64-91) were used to derive the on-farm profit benefits to be attached to each hectare of salttolerant pasture. Updated MIDAS models were used to represent the profitability of saltland
pastures for the Avon, Eastern, Great Southern, and Sandplain zones of Western Australia.
Curves were drawn showing the increases in whole farm profit with increasing areas of
saltland pastures – from which some high, medium, and low profit/ha figures could be
derived.
The curves plateau and turn over at high saltland areas. However, at small areas of
revegetation, when whole farm profit is related to the area of saltland, ‘average’ profit per ha
of saltland pasture ranged from $40/ha (WA Eastern) up to $125/ha (WA Sandplain). An
‘average’ $80/ha was used for Western Australia.

2.7 Influence of the SGSL P/N project
From 2.3 above, the project is only assumed to influence 700 farmers (out of around 6,000)
in WA. These were the specific audience for the project based around subsidised on-farm
demonstration sites. No impact was claimed for farmers not involved in the groups even
though there would be spill-over effects and non-group members benefiting from extension
events. There are no assumed benefits (or costs) from other States.
Implicit in the Objectives for the SGSL P/N is an impact on adoption of saltland pasture
systems. Hence, in the ‘best bet’ run, an increased rate of adoption of 6.25 per cent was
used in determining the differential cash flows. Adoption was also assumed to be brought
forward by 1 year.
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In addition, the project is assumed to have an impact on reducing the average costs of
establishment by $46/ha. Given that average costs of establishment are currently around
$400/ha, it is not unreasonable that $46/ha savings can be made through more appropriate
species selections, establishment techniques, and less replanting by having a higher initial
success rate.
The benefit numbers have not been rounded because they are the result of applying ‘best
bet’ probabilities to each of the assumptions as per the following:
Table 2.

Probabilities of adoption increases

Increase Adoption by

Probability

Adoption times Probability

0%

5%

0.0%

5%

70%

3.5%

10%

20%

2.0%

15%

5%

0.75%

‘Best bet’ adoption increase
Table 3.

6.25%

Probabilities of bringing adoption forward

Bring Adoption forward by:

Probability

Years times Probability

0 years

25%

0 years

1 year

40%

0.4 years

2 years

25%

0.5 years

3 years

5%

0.15 years

‘Best bet’ adoption brought forward by
Table 4.

1 year

Probabilities of reducing establishment costs

Reduce estab. costs by

Probability

Cost times Probability

$0/ha

5%

$0

$25/ha

20%

$5

$50/ha

60%

$30

$75/ha

15%

$11

‘Best bet’ reduction in establishment cost

$46.25/ha

These ‘best bet’ assumptions then become bases for the analysis and subsequently subject to sensitivity testing.
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3. Key assumptions
Table 5.

Assumptions for project – ‘best bet’

Method of analysis

Simple spreadsheet BCA

Term of the analysis
No. of farms impacted (= 30% of land)

29 years
700

Scale of Adoption – Total (all sources)
Year 2001 (start of analysis)

189,000 ha

Year 2020

292,000 ha

Year 2030 (end of analysis)

338,000 ha

Av. area established (700 farms) WITHOUT SGSL
Year 2000 to Year 2020

2,098 ha

Year 2020 to Year 2050

1,780 ha

SGSL Impact:

Increase in Adoption

Bring adoption forward by
Reduce establishment costs by

6.25%
1 years
$46/ha

Av. area established (700 farms) WITH SGSL
Year 2000 to Year 2005

2,098 ha

Year 2005 to Year 2020

2,452 ha

Year 2020 to Year 2050

1,869 ha

Chance of success*
Discount rate
*

100%
6%

Chance of success. The ‘best bet’ assumptions (6.25% increase in adoption, bring adoption forward 1
year, $46/ha reduction in establishment costs) have already been subject to probabilities hence the result
is allocated a 100% chance of success. Variations to assumptions have been scaled off against this ‘best
bet’ situation by varying the probabilities of each assumption. Refer Sensitivity testing in Results section
(following).

4. Results
Results are expressed as NPV and BCR where:
NPV = Net Present Value. The sum of all future discounted on-farm benefits minus the sum
of all future discounted on-farm costs, and minus the project costs. Discount rate used was
6 per cent and the present day values are for year 2000.
BCR = Benefit Cost Ratio. It is the Net Present Value of the on-farm benefits (excludes the
project costs) divided by the present value of the costs of the project.
•

Best Bet

The ‘best bet’ assumptions indicate the SGSL P/N project was just less than a break-even
investment (BCR = 0.96) with a negative net present day value (after project costs) of a small
$83,000. Possible errors in any of the assumptions means the actual outcome in numbers
would be subject to ‘noise’ and hence a (roughly) break-even result is called.
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Table 3.

NPV and BCR for ‘Best bet’ assumptions for the SGSL P/N project

Increase in
Adoption

Adoption brought
forward

Reduction in
establishment costs
of saltland pasture

Chance of
Success

NPV

1 year

$46/ha

100%

-$83,000

6.25%

BCR
0.96

There are 3 mitigating factors which would improve the assessment:
-

Costs have been allocated to the project through the involvement of the 70 farmers in
the on-ground demonstrations. Not only have significant funds been allocated directly
from the AWI/LWA pool as incentives for action, the ‘in-kind’ cash costs expended by
farmers from their own sources have been budgeted as $40,000. It is a moot point
whether these latter costs should be included - either because they were going to be
spent anyway, or because farmers traditionally get paid from profit made over the
whole farm operation. The author believes they are a legitimate cost to the project
because the incentive payments caused farmers to establish the sites and contribute
some of their own funds which otherwise would not have been spent.

-

Possible benefits applying to other States have not been captured in this analysis. In a
national project such as SGSL, it would be expected there would be cross-linkages
between States and with WA being by far the largest participator, it is likely there would
be a net ‘exported’ flow of information.

-

This analysis uses financial benefits and costs to derive the evaluation. SGSL is a
‘sustainability’ project which has as much interest in environmental and social
outcomes as $ economics. No attempt has been made to quantify these other benefits
but social ‘norms’ suggest large advantages to revegetating barren land and supporting
social structures in the process.

To place the ‘best bet’ scenario in context, it is useful to consider what the total benefits are
in physical terms. The following table provides a physical ‘feel’ for what the impacts might be
if the claimed benefits in adoption are achieved:
Table 4.

Physical impacts on 700 farms of best-bet scenario

WITHOUT vs WITH Project

Ave. saltland pasture
establishment per year (29 years)

Cumulative total area new
establishment at year 2030

Without project

2,060 ha (= av. 2.94 ha/yr/farm)

59,760 ha (= av. 85 ha per farm)

With project

2,232 ha (= av. 3.12 ha/yr/farm)

64,730 ha (= av. 92 ha per farm)

The project results in an additional 4,970 ha of saltland being established after 30 years. In
other words, there is an average total of 172 ha extra being established per year with
impacted farms having an average additional 7 ha of saltland pastures in year 30 that they
would not have done otherwise. The relatively low number indicates the claimed benefits
appear to have a realistic chance of being achieved.
•

Sensitivities 1 – benefits to 700 farms

The following table provides some perspective to the ‘best bet’ assumptions by testing the
‘what if?’ situations for the 700 nominated farms – what if adoption was lower/higher, or
brought forward by 2 years or not at all? What if there was higher/lower impact on costs of
establishment?

Returns to R&D Investment of DAFWA

57

Table 5.

Net Present Value and Benefit Cost Ratios for ranges of achievement assumptions

Adoption brought
forward

Reduction in
establishment
costs of saltland
pasture

NPV

BCR

0%

1 year

$25/ha

-$1.030M

0.47

5%

1 year

$25/ha

-$659,000

0.66

6.25%

Increase in
Adoption

1 year

$25/ha

-$566,000

0.71

10%

1 year

$25/ha

-$287,000

0.85

0%

2 years

$25/ha

-$627,000

0.68

5%

2 years

$25/ha

-$235,000

0.88

6.25%

2 years

$25/ha

-$1380,000

0.93

10%

2 years

$25/ha

+$156,000

1.08

0%

3 years

$25/ha

-$224,000

0.88

5%

3 years

$25/ha

+$188,000

1.10

6.25%

3 years

$25/ha

+$291,000

1.15

10%

3 years

$25/ha

+$600,000

1.31

0%

1 year

$46/ha

-$576,000

0.70

5%

1 year

$46/ha

-$182,000

0.91

6.25%

1 year

$46/ha

-$83,000

0.96

10%

1 year

$46/ha

+$213,000

1.11

0%

2 years

$46/ha

-$154,000

0.92

5%

2 years

$46/ha

+$262,000

1.13

6.25%

2 years

$46/ha

+$366,000

1.19

10%

2 years

$46/ha

+$678,000

1.35

0%

3 years

$46/ha

+$269,000

1.14

5%

3 years

$46/ha

+$706,000

1.36

6.25%

3 years

$46/ha

+$815,000

1.42

10%

3 years

$46/ha

+$1.142M

1.59

0%

1 year

$75/ha

+$39,000

1.02

5%

1 year

$75/ha

+$464,000

1.24

6.25%

1 year

$75/ha

+$570,000

1.29

10%

1 year

$75/ha

+$889,000

1.46

0%

2 years

$75/ha

+$487,000

1.25

5%

2 years

$75/ha

+$935,000

1.48

6.25%

2 years

$75/ha

+$1.047M

1.54

10%

2 years

$75/ha

+$1.383M

1.71

0%

3 years

$75/ha

+$936,000

1.48

5%

3 years

$75/ha

+$1.406M

1.72

6.25%

3 years

$75/ha

+$1.524M

1.78

3 years

$75/ha

$1.876M

1.96

10%
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Sensitivities reveal a very short range of BCR between 0.47 and 1.96 with a significant
cluster around BCR = 1 (break-even). It would appear that with both the ‘best bet’ and
sensitivities revealing BCRs of around 1 and NPVs placed either side of zero that break even
is likely to be the approximate outcome - notwithstanding the mitigating factors listed under
benefits.
A high number of years that adoption can be brought forward would be the hardest to claim
as a benefit. While farmers involved in the on-farm demonstrations have mentioned in
conversation that the project has helped them bring their adoption forward by 2 years – it
only really refers to the small area of the demonstration itself and has largely been fuelled by
the financial subsidy on offer. Hence there must be only a low chance of success allocated
to adoption being brought forward by 3 years.
However, project management is more confident that increases in adoption and reductions in
establishment cost (especially) are realistic achievements given the emphasis on
establishment techniques and farmer extension/networks during the conduct of the project.
•

Sensitivities 2 – benefits to less than 700 farms

The claim of 700 farms being influenced by the project is likely to be at the top end of the
range and could be an overestimate. If lower numbers of farms are influenced and therefore
reduced areas of saltland pastures are established, then the outcome of the analysis will be
less than break-even. The following table provides guidance on whether a smaller impact
will have a serious detrimental effect on NPV and BCR – and assessment of break-even
values of the benefits if only 500 farms are impacted.
Table 6.

NPV, BCR and break-even values of benefits if only 500 farms impacted
Adoption
brought
forward

Reduction in
establishment costs
of saltland pasture

NPV

BCR

1 year

$46/ha

-$615,000

0.68

42%

0 years

$0/ha

Very low probability

Break even adoption
brought forward

0%

8 years

$0/ha

Minimal probability

Break even reduction in
establishment cost

0%

0 years

$133/ha

Low probability

Break even combination
of benefits

8%

2 years

$60/ha

Fair probability

Scenario

Best bet
Break even increase in
adoption

Increase in
Adoption
6.25%

If only 500 farms are influenced, it is unlikely the project could demonstrate financial
‘profitability’ and it would increasingly rely on social and environmental benefits to approach
break-even. These sensitivities provide guidance for the project team in that they need to
target at least an extra near 5,000 ha of saltland pasture by year 30 to break even. This can
be made up of the 700 farms as before but could also be a lesser number but with larger
average saltland areas.
•

Break even

It is useful to consider what the impacts on adoption and establishment cost need to be in
order to render the project cost neutral. That is, what changes are necessary to justify the
project expenditure where the sum of all future net benefits for the base 700 farms is
matched by the funds expended, i.e. break even. The following Table 7 provides
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commentary on the range of break even assumptions needed to avoid making a loss on the
project – either alone or in combination with different levels of the other 2 assumptions. The
‘best bet’ assumptions are close to break-even anyway so only minor ‘tweakings’ are
necessary in the combinations. An assessment is given for the probabilities for each of those
levels – Minimal, Very Low, Low, Fair, Reasonable, High, and Very High.
Table 7.

Break evens for ranges of achievement assumptions

Break evens (Numbers in bold are the break-even levels assuming the other 2 variables are held
at the given values)
Increase in
Adoption

Adoption brought
forward

Reduction in establishment
costs of saltland pasture

30%

0 years

Nil ($0/ha)

Very Low

0%

5 years

Nil ($0/ha)

Minimal

0%

0 years

$95/ha

Low

7.2%

1 year

$46/ha

Fair

6.25%

2 years

$46/ha

Fair

6.25%

1 year

$50/ha

Reasonable

Probability

Explanation: The ‘Reasonable’ rating for the 6.25 per cent + 1 years + $50/ha (the 6th row in
Table 5) means all the project costs can be recovered from a 6.25 per cent increase in
adoption plus bringing adoption forward by 1 year plus a $50/ha decrease in the cost of
establishment. Similarly, the project costs can be recovered from a 6.25 per cent increased
adoption and a $46/ha reduction in establishment costs as long as adoption is brought
forward by 2 years (5th row).
It is felt the impact on bringing adoption forward will be the most difficult to demonstrate –
and therefore claim as a benefit to the project. The SGSL P/N team believe the
publicity/promotions given over the 4-year span of the project has increased awareness and
is likely to result in farmers bringing their revegetation plans forward – but by how much?
Some farmers contacted in the course of conducting the on-farm demonstrations have
volunteered that they have brought their establishment plans forward – especially in
response to the subsidisation available. While 2 years might be claimed as reasonable, it is
problematic it would apply to every ha of saltland pasture established by the 700 farmers for
the next 25 years.
It is also unlikely that the project would impact on costs of establishment by over $75/ha. It is
doubtful to think costs could be brought down by almost 25 per cent where the base cost is
$400/ha. But $25/ha or even $50/ha is achievable given the extensive establishment work
done in the project. Hence, the combinations of lower establishment costs and increases in
adoption are favoured as more realistic outcomes.

5. Other considerations
This analysis has simplified the benefits of the project by suggesting that the only benefits
occur from either increasing adoption, bringing adoption forward, and/or reducing the cost of
establishment. That assumption may underestimate the value of the impact of this project
given there are long term implications and the ‘spill-over’ effects might be long lasting. It also
does not account for any influence on saltland pastures in other States, nor does it capture
the environmental/social benefits of rehabilitating ‘waste’ land. Another issue might be the
‘multiplier’ effect in having more sheep in the landscape.
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It has also been assumed that all the other innovations in saltland grazing which occur
externally to this particular project actually do happen and result in the base adoption as
described. There are large numbers (thousands of hectares) involved hence any deviation
will have a profound effect. Factors which might impact include discoveries of more
profitable land uses for saltland other than salt-tolerant pastures. The profitability of sheep
operations itself will impact because it will make the value of grazing from saltland
lower/higher.
This analysis has used an average $80/ha as the profit benefits to establishing salt-tolerant
pastures on farms. This is the level found from model runs for the Avon district done in 2002.
At the time, profit benefits in models prepared for the Great Southern and Sandplain zones
were over $120/ha. It is also expected that subsequent research on saltland pastures,
especially ex the CRC for Plant-Based Management of Saline Lands, will provide
improvements to these profitability assessments. It will make a big difference to this project
evaluation if a profit benefit above the current $80/ha is used. The average break-even level
of profitability given the best bet assumptions (6.25% + 1 year + $46/ha) is only $/84 ha.

6. Conclusions
The general ‘feel’ gleaned from the analysis is that the project is somewhere around ‘break
even’ – and probably just below. While the NPV numbers are slightly negative with BCRs
just under 1, it would only take minor improvements in assumed benefits to balance.
It is an encouraging result, not because there are outstanding returns but because they
provide solace that an investment in a ‘landcare’ type project at least gets close to recovering
project costs – with environmental and social benefits still to be added. While other projects
will show that investment of Government funds will have quicker/higher payoffs, the public
good nature of the environmental/social benefits means the partnership with the SGSL P/N
project was still a worthwhile investment. The aim of the project was to ‘build the case’ for
saltland pastures and to develop grower networks which will continue to explore and
innovate and adopt various forms of it. It is expected that the groundwork laid during the
conduct of the project will provide a firm foundation and launching pad for work well into the
future.
One of the objectives was to build confidence and pride in land managers that they were/are
making a useful contribution to both production and sustainability. Character development
and environmental protection are difficult to measure in $ terms and have been ignored in
this analysis. However, they are nevertheless real and additive to the benefits outlined.
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1. Background
The agricultural beef production zone of WA has traditionally been largely focused on the
> 500 mm rainfall zone, which encompasses an area west and south of a line drawn from
Dongara through Toodyay, Narrogin, Cranbrook and Gibson. The enterprise mix north and
east of this line is dominated by dry land broad acre cropping and wool production. In more
recent times, beef production has become more profitable than wool production in the
300-400 mm rainfall zones and some rotation crops (ASW wheat, canola, field peas and feed
barley) in the 300 mm rainfall zone (Peggs et. al. 2000). Consequently, there has been
increasing interest in beef production in these areas. The length of ‘green feed’ season in
the < 500 mm zone is shorter than in the traditional beef production zone. Therefore the
overall average weaning weights are likely to be lighter than the range of 250–350 kg live
weight which is predicted in the > 500 mm rainfall zone.
Time of calving is an aspect of beef production which has recently come under scrutiny.
McDowall et al (2001) measured an overall increase in gross margin of between $30-$50/ha
by moving calving time from March/April to June/July at the Esperance Downs Research
Station (Gibson, 500 mm). This benefit was derived from a large reduction in the
supplementary feeding requirement of the June/July calving cows. The calf weaning weights
averaged 55 kg lighter from the June drop herd, which was largely due to a younger weaning
age rather than poorer pre-weaning live weight gains. One of the key risks of a later calving
was identified as a failed spring where the calves would be weaned early to maintain
sufficient cow condition for calving and conception the following year. There has been a
significant number of producers on the south coast move their time of calving to later than the
traditional March/April.
A combination of a shorter ‘green feed’ season, shorter lactation phase, and the likelihood of
reduced energy available for lactation in the lower rainfall areas increases the probability of
lighter weaning weights of calves under both of these scenarios. These factors will be
compounded in years with a failed spring.
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The objective of this project was to identify strategies to manage light weight weaners (LWW)
through the summer period to maintain growth rates to produce high quality beef. Summer is
a particularly challenging time for the management of LWW as the feed quality of annual
pasture and stubbles, while sufficient for grown weaners, does not provide enough protein to
maintain growth of LWW. The trial investigated the performance of LWW on stubbles when
they received a protein supplement (lupins). Another objective of this trial was to help
identify the suitability of perennial pastures for growing LWW over summer. It also looked at
the interaction between post weaning options and feedlot performance.

2. Derivation of benefits
During the planning phase of this project a seasonal price pattern had been identified which
suggested that cattle prices declined by 30 c/kg carcase weight from August to November. It
was suggested that farmers with lighter weaners would still target the higher prices in JuneAugust and that by feeding perennial pasture which has a higher protein content over
summer than annual pastures or stubbles market weight could still be achieved before the
price declined.
Price data for the past 6 years (MLA 2006) was analysed to verify this pricing trend. The
more recent data did not show a declining trend in cattle prices between August and
November. As no clear trend was evident this analysis has assumed that there is no price
benefit in turning weaners off in August rather than November
For LWW grazing stubble, supplementation with 1 kg of lupins per day provides enough
protein to increase live weight by 0.6 kg per day. Without the supplementation growth rates
are much slower at about 0.2 kg per day. The benefit is the increase in live weight less the
cost of the lupins and the cost of the feeding out the lupins.
For LWW on annual pasture the deterioration in feed quality over summer means that they
would require supplementation simply to maintain weight. On perennial pastures LWW are
able to achieve a moderate rate of growth (0.6 kg/day) over the summer period without
supplementation. This analysis tested 2 approaches for the ‘without perennials’ scenario.
The first was that the light weight weaner would be sold at weaning and the second was that
the animal was fed a supplement ration to achieve a 0.6 kg/day live weight gain. It was
found that backgrounding the LWW on supplements was more profitable than selling them at
200 kg. Therefore the benefit in backgrounding LWW on perennial pastures will come from
reduced supplementary feeding costs.

2.1 Calculation of benefits
The following tables show how the benefits were calculated.
Table 1.

Net benefit of feeding lupins to LWW on stubbles
Lupins fed (kg/hd/day)

1

Period of lupin feeding (days)

120

Cost of lupins including feeding ($/t)

220

Cost of lupins ($/hd)
Weight gain without lupins (kg/day)
Weight gain without lupins (kg)
Weight gain with lupins (kg/day)

26.4
0.2
24
0.6

Weight gain with lupins (kg)

72

Difference in weight gain (kg)

48

Value of weight gain ($/kg)
Net benefit ($/hd)
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Table 2:

Benefits of backgrounding LWW rather than selling them at 200 kg

Live weight of Light Weight Weaner (kg)

200

Value of Light Weight Weaner ($/kg)

1.90

Value of Light Weight Weaner ($/hd)

380

Live weight of Backgrounded animal (kg)

300

Value of Backgrounded animal ($/kg)

1.80

Value of Backgrounded animal ($/hd)

540

Extra value of backgrounded animal ($/hd)

160

Table 3.

Cost of backgrounding LWW with supplements

Supplement to achieve (0.6 kg/hd/d lwt gain)

5.6

Days fed supplement

120

Supplement fed (kg/hd)

672

Cost of Supplement including feeding cost ($/t)

164

Cost of supplement/hd

$110

The cost of establishing perennial grasses has been listed below in table 4. The figures for
cost of seed and chemical have been taken from the farm budget guide 2005 and 2006.
There is also the opportunity cost of spraying out spring feed to establish these perennial
grasses. It is estimated that 2.1 t of pasture consumed by grazing is foregone along with
2.1 tonnes that would have been made into hay. The foregone grazed pasture is valued at
$140 due to its high quality and the foregone hay produced is valued at $70/t, based on
$100/t sale price less $30 in production costs. This analysis assumes that the perennial
pasture performs as well as annual pasture over the rest of the year. The annual
maintenance cost of the perennial pasture is assumed to be the same as the annual
maintenance cost of annual pasture and is therefore not estimated.
A stand of perennial pasture can be productive for a considerable period before it has to be
re-sown. To account for this the cost of establishment was annualised for 20 years at a rate
of 6 per cent. The stocking rate was assumed to be 1 weaner per ha.
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Table 4.

Cost of establishment of perennial pastures
Spraying cost

Chemical
Roundup Power Max
Sprayseed
Fastac
Cadence
Amine
Fastac
SUBTOTAL

rate/ha
1.5
3
0.3
0.2
0.8
0.3

price/l
$8.75
$10.50
$17.87
$60.00
$4.75
$17.87

cost/ha
$13.13
$31.50
$5.36
$12.00
$3.80
$5.36
$92.15

rate
2
2

price/kg
17
22

cost/ha
$34.00
$44.00
$78.00

Seed costs
Seed
Setaria
Panic
SUBTOTAL
Seeding costs
Item
Fuel and oil
Maintenance
SUBTOTAL

cost/ha
$18.00
$20.00
$38.00

Establishment failure costs

$37.43

Opportunity cost of annual pasture

$441.00

TOTAL

$665.58

Annualised cost
Table 5.

$58

Benefit of backgrounding on perennials rather than annuals with supplements

Cost of backgrounding LWW on supplements

$110

Cost of backgrounding LWW on perennials

$58

Benefit of backgrounding on perennials rather
than supplements

$52

To determine the number of animals this research would apply to required an estimation of
the number of calves that were being weaned at light weights. ABS Statistical Local Area
(SLA) or shire level data on the number beef calves under 1 year of age was obtained for the
Agricultural region of Western Australia (ABS 2001). A rainfall map was used to label each
SLA as either above 400 mm or below 400 mm annual rainfall. It was assumed that due to
the shorter growing season in the below 400 mm SLAs all of the weaners produced would be
classed as light weight. It was determined that perennial pastures would not grow well in this
sub 400 mm rainfall zone however large tracks of stubbles would be available due to the
large proportion of cropping. The total number of weaners in this area was estimated to be
20,300 and the lupin feeding trial was thought to be relevant to all of them.
The sections of the agricultural region that were thought to be suitable for growing perennial
pastures were the SLAs along the south coast (Augusta-Margaret River, Manjimup, Nannup,
Jerramungup, Albany, Denmark, Plantagenet, Esperance, Ravensthorpe) and the higher
rainfall SLAs in the northern half of the agricultural region (Carnamah, Coorow, Greenough,
Irwin, Three Springs, Chittering, Dandaragan, Gingin, Moora, Victoria Plains, Northam,
Toodyay, York). The total number of weaners in these areas was estimated to be 210,300.
It was estimated that, at present, 10 per cent (21,000) of these animals would be LWW
however, due to the activities of the time of calving project it is expected that this proportion
will increase significantly to 50 per cent (105,000) in the next 10 years.
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3. Key assumptions
Table 6:

Assumptions relating to the lupin feeding trial
Method of analysis

Simple spreadsheet BCA

Term of the analysis

25 years

Per unit benefits

$50 per weaner

Peak Adoption

15% (3,048)

Probability of success

80%

Proportion of benefits attributed to this activity

30%

Discount rate

6%

Year project began

2003/2004

Year adoption began

2004/2005

Year of peak adoption

2008/2009

Benefits discontinued

25 years

Table 7:

Assumptions relating to the lupin feeding trial
Method of analysis

Simple spreadsheet BCA

Term of the analysis

25 years

Per unit benefits

$52 per weaner

Peak Adoption

40% of LWW (42,050)

Probability of success

80%

Proportion of benefits attributed to this activity

20%

Discount rate

6%

Year project began

2003/2004

Year adoption began

2005/2006

Year of peak adoption

2022/2023

Benefits discontinued

25 years

Table 7:

Project costs
Total project cost

$205,300

CF cost

$112,700

3.1 Explanation of the key assumptions
•

The term of the analysis is 25 years because beyond this period the effect of
discounting makes the value of benefits small and the accuracy of assumptions made
that far into the future is limited anyway.

y

This project is one of a number addressing issues associated with perennial pasture.
For this reason we have used a relatively low attribution rate.

•

The recommendations of the lupins trial are relatively simple to adopt so adoption is
assumed to quite rapid.

y

Given that perennials have been around for quite some time it is likely that adoption will
occur over a reasonably long time frame.
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4. Results
The results presented below are for the entire project with the estimated benefits of adoption
of lupin feeding on stubbles and backgrounding on perennials rather than annuals added
together. The most difficult parameters to estimate in this analysis were those concerning
adoption and attribution. The sensitivity analysis below indicated how responsive the results
of the analysis are to changes in these parameters.
Table 8.

Sensitivity of Net Present Value of the project to assumptions about the level of adoption and
attribution
Attribution to this project
NPV
Estimated – 20%

Estimated

Estimated + 20%

Estimated – 20%

$1,624,898

$1,337,333

$1,049,768

Estimated

$1,337,333

$1,097,695

$858,057

Estimated + 20%

$1,049,768

$858,057

$666,347

Peak adoption
rate

Note: NPV is based on DAFWA CF contribution of $113,000 (55% of project cost).
Table 9.

Sensitivity of the Internal Rate of Return of the project to assumptions about the level of
adoption and attribution
Attribution to this project
IRR
Estimated – 20%

Estimated

Estimated + 20%

Estimated – 20%

43%

39%

35%

Estimated

39%

35%

31%

Estimated + 20%

35%

31%

28%

Peak adoption
rate

Table 10:

Sensitivity of the Benefit Cost Ratio of the project to assumptions about the level of adoption
and attribution
Attribution to this project
BCA

Peak adoption
rate

Estimated – 20%

Estimated

Estimated + 20%

Estimated – 20%

17.2

14.3

11.4

Estimated

14.3

11.9

9.5

Estimated + 20%

11.4

9.5

7.6

5. Other considerations
The ABS data that was used to calculate the number of weaners in the > 400 mm rainfall
region and the perennial pasture region was from the 2001 census and may not be accurate
today. It was however the most accurate data we have as there has not been a census
conducted since 2001 and the data obtained from the surveys ABS conducts between
census years is of questionable accuracy at a statistical local area level.
The results of the perennial pasture trial showed that at the stocking rate of 1 animal per ha
(similar to current industry practice) there was excess dry matter produced to levels
suggesting that the stocking rate could be increased by at least half or perhaps double. This
sort of increase would significantly increase the benefit of the project.
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6. Conclusions
The benefit cost ratios for this project are very encouraging. Under the assumptions and
scenarios tested in this analysis the project returns strongly positive benefit cost ratios.

7. References
ABS (2001). AgStats 2002 on the GSP. Australian Bureau of Statistics.
Peggs, A., Quin, A. and Kelly J. (2000). The New Beef Zone – An analysis of the potential
for beef and cattle industry expansion in the Western Australian wheat belt. Agriculture
WA. October 2000 Misc Publication 20/2000.
MLA (2006). MLA Market information Statistical review July 2003 - June 2004 and
June 2004 - June 2005 (NLRS).

68

Returns to R&D Investment of DAFWA

ANIMAL INDISTRIES DEVELOPMENT
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Summary of results
Net present value
Benefit cost ratio CF costs a ($m)
($m)
3.3
a

7.7

0.49

Probability of
success
100%

Discounted value.

1. Background
In 1998-1999, processors and dairy farmers in WA became alarmed at a downward trend in
summer-autumn milk protein concentration that had occurred over the previous 5-10 years,
which if continued, would result in an increasing proportion of the State’s milk (> 50%) failing
to meet the current food standard.9 Bulk milk data from the WA Dairy Industry Authority
indicated that the protein content of WA milk showed marked seasonality with a low in
summer-autumn and a high in winter-spring. For the period 1990-1998, summer-autumn
bulk milk protein concentration remained above the then ANZFA standard (3.0% true
protein m/v) in only one year out of 9, while in the remaining years it was below the standard
for up to 6 months between December and May. Of particular concern was the fact that long
term trend was downward (Figure 1).
There were two main issues associated with the low milk protein; the first was the potential
consequences of failing to meet regulatory requirements for 3.0 per cent m/v in fresh milk,
and the second was the increased production costs and reduced returns from manufactured
milk products that were either more expensive to produce (e.g. lower cheese yields, higher
transport and waste disposal costs) or that failed to achieve premium specification prices
(e.g. milk powders).
With the industry having no clear understanding as to why WA summer milk was so low in
protein, and no economically viable short term solutions, a project was submitted in 1999 to
the Dairy Research and Development Corporation (DRDC; now Dairy Australia, DA) by
researchers at Department Agriculture and food Western Australia and CSIRO, with the aim
of reversing the decline in summer milk protein concentration. Coincidently, the Queensland
Department of Primary Industry (QDPI) and the University of Queensland (UQ) also
submitted proposals to resolve issues of low protein in milk from Queensland herds. These

9

Current food standard for milk protein is 3.1% crude protein mass/mass (equivalent to 3.0% true protein
mass/volume
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proposals were amalgamated under DRDC project UQ062, and named ‘Protein Plu$’ by
members of the WADA team.
The WA component of Protein Plu$ produced software that demonstrated to farmers and
advisors the economic impact of changing milk components by changing breed and calving
pattern. The project also identified a number of other management changes that could be
made to improve milk protein concentration and used these to produce a Protein Plu$
checklist which was extended to industry with the support and co-operation of milk
processors.
The Protein Plu$ project was followed by a second project Protein Plu$ Intervention which
was primarily an extension activity. Queensland was the primary driver behind the Protein
Plu$ Intervention project as extension activities in that state had not been as extensive as in
Western Australia. The activities of Protein Plu$ Intervention in Western Australia were
conducted by CSIRO. The Department of Agriculture and Food Western Australia did not
contribute funds to this project.

2. Derivation of benefits
The primary benefit of the Protein Plu$ projects was to increase the production of protein in
milk although other benefits stemming from improved animal nutrition were also probably
realised.
Milk companies in Western Australia each have their own milk price schedules with values
for milk protein varying seasonally for some and not for others. This means that for one
company the protein price will be $6.30/kg for the entire year while for another company the
protein price varies seasonally from $4.60/kg to $5.50/kg. These prices have also been
varying between years. This analysis assumes a protein price of $5.00/kg for the duration of
the analysis.
Milk protein concentration has increased throughout the year not just in summer (Figure 1).
Industry data suggests that the annual average milk protein concentration has increased
from 3.07 per cent m/v to 3.17 per cent m/v in the period 2000 to 2005.

Protein (true, % m/v)

3.5
3.4

y = 0.019x + 2.86

y = -0.0036x + 3.10

3.3
3.2
3.1
3
2.9

Figure 1.

70

1-2005

1-2004

1-2003

1-2002

1-2001

1-2000

1-1999

1-1998

1-1997

1-1996

1-1995

1-1994

1-1993

1-1992

1-1991

1-1990

2.8

Average protein content of milk from Western Australian dairy farms between 1990 and 2005
(Source; White C. Philips N. (2006). Milestone report, Dairy Australia Project DAQ11004
‘Protein Plus extension’ WA component. CSIRO Livestock Industries).
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Some company’s price schedules include penalties for milk that does not meet specified
standards for protein concentration. If raising the protein content of milk by 0.1 per cent
means that the milk is no longer subject to a low protein penalty the value of that marginal
protein could be $26/kg (based on a 2 c/L penalty and a $6.30/kg protein price). Due to
limitations in data availability it is not possible to calculate the proportion of milk that is no
longer subject to a low protein concentration penalty and this is not estimated in this analysis.
For this reason, results of this analysis may underestimate the true benefits associated with
the Protein Plu$ Project.

2.1 The ‘without project’ scenario
The project commenced in the same year that the industry underwent deregulation. Since
deregulation the pricing schedules used by the processors have put a greater emphasis on
the component concentration of the milk they collect rather than the volume. This has meant
that there has been a price signal encouraging dairy farmers to increase the protein content
of their milk.
This factor would have worked to stem long term trend of declining protein concentration in
Western Australian milk and may have led to an increase over time. Farmers would respond
to the milk protein price signal and seek out management practices to better manage milk
protein. However without the well researched, packaged and extended information provided
by the Protein Plu$ project the improvement in milk protein concentration would have been
much slower.
The value of the Protein Plu$ Project was measured as bringing forward the rate of
innovation and change. The ‘without’ scenario included a longer delay in the adoption of
management practices that would bring about an increase in the protein content of WA dairy
farmer’s milk.
In a survey of dairy farmers conducted by Curtin University 76 per cent of survey
respondents reported management changes to improve protein and 47 per cent attributed
changes to Protein Plu$. Given that prior to Protein Plu$ there was an identified lack of
information on the management changes required to improve protein levels it is likely that
those who did not attribute their management changes to Protein Plu$ in fact received the
Protein Plu$ message through secondary sources.
As the estimation of the level and rate of improvement in milk protein concentration in the
‘without project’ scenario is imprecise and important to the outcome of the analysis it will be
examined with a sensitivity analysis. The basis for the sensitivity analysis will be that the
final increase in milk protein concentration under the ‘without project’ scenario will be 70 per
cent, 80 per cent or 90 per cent of the increase achieved under the ‘with project’ scenario
and the time taken to reach this level will be 2, 3 or 4 times longer.

2.2 Cost of increasing milk protein content
The project produced a list of changes farmers could make to increase the protein
concentration of the milk they produced. Most of these changes were low cost or cost
neutral and essentially improved ‘attention to detail’ in areas of fodder production and ration
formulation. A major recommendation was the replacement of lupins in the diet with cereal
grains, a strategy that may have in fact reduced costs. In this analysis it is assumed that on
balance the management changes made to improve protein concentration in milk were cost
neutral.
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3. Key assumptions
Table 1.

Assumptions relating to the Protein Plu$ project
Method of analysis

Simple spreadsheet BCA

Term of the analysis

25 years

Per unit benefits (the value of the extra protein produced)

$5 per kg

Scale of Adoption (total annual milk production)

396 million litres

Probability of success

100%

Proportion of benefits attributed to this activity

90%

Year project began

2000

Year adoption began

2001

Increase in protein concentration with project

0.1%

Increase in protein concentration without project

70, 80 or 90% of actual increase

Period of adoption with project

5 years

Period of adoption without project

2, 3 or 4 times longer (sensitivity)

Benefits discontinued

25 years

Discount rate

6%

Total project cost

$1,232,000

CF cost

$520,000

Adoption. Below is an example of the difference in adoption assuming that without the project adoption
would occur over 15 years instead of 5 and the final level of improvement would be 90% of that achieved
with the project.
3.18

Milk Protein (%)

3.16

With Project

3.14
3.12

Without Project

3.1
3.08
3.06
3.04

2025

2024

2023

2022

2021

2020

2019

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

3.02

Year
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3.1 Explanation of the key assumptions
y

The term of the analysis is 25 years because beyond this period the effect of
discounting makes the value of benefits small and the accuracy of assumptions made
that far into the future is limited anyway.

y

The scale of adoption is assumed to be the entire WA milk production 396 million litres.

y

The project has been completed and this analysis does not assume adoption above
that already achieved therefore the probability of success is 100 per cent

y

Protein Plu$ was followed by Protein Plu$ Intervention however this was a relatively
small project in WA and only reinforced the messages and extension of the initial
project. Therefore the proportion of the benefits attributed to Protein Plu$ is assumed
to be 90 per cent.

y

Adoption began in 2001 as by that time the messages from the project had begun to be
extended and management changes were taking effect.

y

The increase in milk protein content was 0.1 per cent (Figure 1). Milk protein content
may have in fact continued the trend and increased further however a conservative
approach has been taken here and only the measured increase included.

y

The assumed increase in milk protein content was 70 per cent 80 per cent or 90 per
cent of the increase under the with project scenario.

y

Discontinuation of benefits occurs at the end of the analysis period

y

Project costs include on-costs and overhead costs for all staff.

4. Results
The Protein Plu$ project provided a benefit to the dairy industry in Western Australia, by
providing the management tools to enable dairy farmers to lift the protein concentration of
milk. The identification, packaging and extension of the management tools enabled the
states dairy producers to respond to changes in milk pricing more rapidly than if the project
did not occur.
The Net Present Value (NPV), Internal Rate of Return (IRR) and Benefit Cost Ratio of this
project are presented in Table 2, 3 and 4 below. All the scenarios examined generate
positive results and the assumptions about period of adoption had a greater effect on the
results than the assumption about the level of improvement. This is likely a result of the
relative size of the variation.
Table 2.

Sensitivity of Net Present Value of the Protein Plu$ project to assumptions about the level and
period of adoption that would occur without the project
Period of adoption without the project

NPV
Improvement
without project

20 years

15 years

10 years

70%

4.5

3.8

3.0

80%

4.0

3.2

2.3

90%

3.5

2.7

1.6

Note: NPV is based on DAFWA CF contribution of $0.52M (42% of project cost).
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Table 3.

Sensitivity of the Internal Rate of Return of the Protein Plu$ project to assumptions about the
level and period of adoption that would occur without the project
Period of adoption without the project

IRR

Improvement
without project

Table 4.

20 years

15 years

10 years

70%

84%

79%

67%

80%

82%

75%

61%

90%

79%

72%

55%

Sensitivity of the Benefit Cost Ratio of the Protein Plu$ project to assumptions about the level
and period of adoption that would occur without the project
Period of adoption without the project

BCR

Improvement
without project

20 years

15 years

10 years

70%

10.3

8.8

7.1

80%

9.3

7.7

5.7

90%

8.3

6.5

4.3

The adoption period for the project was 5 years and the sensitivity analysis above represents
2, 3 and 4 times this period for the ‘without project’ scenario. The increase in milk protein
that was achieved with the project was 0.1 per cent and the analysis above tests the effect of
the assumption that without the project the increase in milk protein would be 0.07 per cent,
0.08 per cent or 0.09 per cent.
It is thought that it is most likely if the project had not been undertaken the period of adoption
would have been 3 times longer and that the final level of increase would be 80 per cent of
that achieved with the project. This relates to a BCR of 7.7 (table 4).

5. Other considerations
This analysis has not attempted to capture the extra income received by farmers due to the
reduction penalties incurred by supplying milk that did not meet specific standards for protein
concentration. The cost of these penalties to individual farms at 2 c/l (6.5% of the milk price)
would be significant.

6. Conclusions
The benefit cost ratios for this project are very encouraging. Improving the concentration of
protein in milk has lead to increased the value of Western Australia milk and increased the
incomes of Dairy farmers.

7. References
CSIRO Livestock Industries (2006). Milestone report Dairy Australia Project DAQ11004
‘Protein Plus extension’ WA component.
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Summary of results
Net Present
Value ($m)

Benefit Cost Ratio

CF costs of the
project

Probability of
Success

$1.9M

12.6

$164,218

85%

1. Background
WA’s potato production is centred in the south west of the state with approx. 98,700 tonnes
produced at a value of $40.89M. The approximate breakdown of the industry by sector is
shown in Table 1.
Table 1.

Sectors of the WA Potato Industry showing tonnage and value
Industry Sector

Tonnage

Value ($)

8,000

4,400,000

10,000

2,500,000

7,000

1,750,000

Fresh Market

55,170

22,587,824

Export

18,537

9,659,578

Seed
Processing – crisps
Processing – French fries

The industry has undergone a number of changes over recent years with the closure of the
Simplot French fry factory in Manjimup in 1999, flooding of seed production areas in Albany
in 2005 and 2006 and restructure of the marketing and regulatory environment in 2005.
Table 2.
1995
/1996
9,853

Potato export tonnage from WA 1995/1996 to 2004/2005
1996
/1997
8,581

1997
/1998
8,937

1998
/1999
9,015

1999
/2000
10,292

2000
/2001
12,706

2001
/2002
18,707

2002
/2003
14,318

2003
/2004
14,055

2004
/2005
18,537

Source: Agri-Food Infonet/ABS.

The WA industry has identified the need to increase profits through the introduction of new
varieties which can overcome production constraints and provide marketing advantages on
domestic and international fresh and processed markets. This analysis is carried out for 3
projects PT 03070, PT 04023 and PT 05017 which cover a 4 year period of evaluation and
development.
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The Department’s potato project has been involved in a variety selection and evaluation
program since 1989. Varieties are selected by Departmental staff on visits to the National
Potato Breeding Program in Toolangi, managed by the Victorian Department of Primary
Industry. Selections are imported into WA where they are dipped in bleach and tested for
virus to prevent the entry of disease. Seed is bulked up prior to Departmental and then
commercial testing for growing and eating quality.

1.2 Project objectives
The project is part of a continuing program of variety selection and evaluation, the objectives
are to improve variety performance in winter grown crops and develop an export crisp
variety. The main issues faced by the potato industry are small tuber size, low yields and low
percentages of tubers in the high demand market sectors.

Fresh market
This component of the on-going evaluation is focused on improving the winter crops grown in
the Perth area (Pool 2). The winter supply of potatoes in the May to October period from
Perth (Pool 2) has an on farm yield of just 26.9 tonnes. Supply of fresh potatoes outside this
period result in yields of 44.9 tonnes.
The reduced yield is due to many factors which include storm and wind damage, heavy rain,
frost, low temperatures, short days and lack of sunshine. This results in small tuber size with
many tubers being rendered unmarketable by powdery scab disease. The result is reduced
profitability.

Export processing
Western Australia has strong trading relationships with near South East Asian markets and
exports of crisping potatoes to factories in Malaysia, Singapore and Indonesia have
increased as shown in Table 3 (note these figures are for fresh and processing potatoes)
Table 3.

Value $ of WA Potato exports

1999/2000
4,116,139

2000/2001
4,062,934

2001/2002
4,381,187

2002/2003
5,977,943

2003/2004
6,559,056

2004/2005
8,612,023

Source: Agri-Food Infonet/ABS.

To support this trade the Potato Project is seeking to develop new crisp varieties to provide
industry with a marketing advantage. The key driver for these varieties being price and
cooking quality.

2. Derivation of costs
Project costs were obtained from the project proposal and final report documents submitted
to Horticulture Australia Ltd. These documents contained details of all project salary, capital
and operating costs and funding arrangement between HAL, DAFWA and industry partners.
This information has been used in calculating costs and benefits by funding organization, in
this analysis benefits accruing to each funding partner have been calculated on a prorata
basis. Whilst DAFWA are the major funding provider HAL and industry provide significant
funding to what is a relatively small, focused project with little in the way of spare resources.
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3. Derivation of benefits
Without the Department’s involvement in the introduction of new varieties the process would
be considerably slower. The evaluation program has lead to the introduction of a number of
varieties including Nadine, Dawmor, Ruby Lou, Eureka and Mondial which are widely grown
in Western Australia.

Fresh market
This analysis will focus on development of White Star for Pool 2 winter market.
Typical of many developed countries the fresh market for potatoes in WA is not experiencing
significant demand growth and has a projected increase of just 2 per cent per annum.
However the winter market in WA has limited domestic supplies due to the poor growing
conditions outlined earlier. As a result WA imports potatoes from other States during this
part of the year. The introduction of the White Star variety will provide a number of benefits
for the State:
¾

Reduced imports of potatoes from interstate

¾

Increase in the area planted to potatoes in winter to increase production from 6,500
tonnes to over 8,600 tonnes over a 7 year period.

¾

Increased profitability due to higher packouts and prices compared to the Nadine
standard variety and comparable costs of production– see Table 4.

Table 4.

Gross Margins for Nadine and White Star in Pool 2
Expenditure – ha

White star

Nadine

Preparation & establishment ($/ha)

$3,741

$4,408

Crop Management ($/ha)

$2,345

$1,978

Harvesting ($/ha)

$1,916

$1,616

Post Harvest ($/ha)

$1,185

$1,185

Direct costs ($/ha)

$9,187

$9,187

Income – ha
Yield (saleable) t/ha

38.7

Gross return $/ha
Gross Margin ($/ha)
Table 5.

32.63

19,089

15,926

$10,569

$6,739

Market penetration of Pool 2 (Perth area) by White Star
Market share

Year

2003

2004

2005

2006

2007

> 2008

%

0.04

0.2

1.7

3.5

40
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It is anticipated that this varietal market share will remain constant up until year 15 from first
year of adoption.
The price used in the analysis is based on data provided by the Potato Marketing
Corporation for likely pricing of Nadine and White Star
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Evaluation and development of a crisp variety
The main export crisping variety is Atlantic which is preferred by processing factories in SE
Asia. The main criteria for a processing company selecting a variety are cost of potatoes,
starch content and cooking efficiency. Any new variety needs to have, compared with
Atlantic, higher yield, reduced internal disorders, higher specific gravity (estimate of starch
content) and equally light fry colour.
Table 2 provides details of export tonnage, export statistics are not split between fresh and
processing varieties so it is assumed that 80 per cent of exports are processing potatoes.
Without the introduction of a new variety the market would grow in the medium term at 8 per
cent pa, with the introduction of the new variety it will increase at a top rate of 10 per
cent.The market penetration of the new variety is shown in Table 10.
Table 6.

Market share of new potato varieties
Market share % by year

New
Crisp
variety

2010

2011

2012

2013

2014

2015

> 2016

0.04

0.04

0.2

1.7

3.5

15

20

It is anticipated that this varietal market share will remain constant up until year 15 from first
year of adoption.
Average farm gate prices for Atlantic are $270/tonne at 45 tonnes/ha yield, the new variety is
expected to command $290/tonne and yield 48 t/ha. Production costs for Atlantic are
$5,900/ha, the new variety will have similar costs reflecting marginal increases in
management and input costs which will be offset through reduced seed costs. Atlantic sets
few tubers, about 6 per plant, and has to be planted at high density to produce the small
tubers required for the crisp processing. New varieties will only require ¾ of the quantity of
seed compared to Atlantic. It is assumed that prices and production costs will remain static
for the purpose of this analysis.

4. Key Assumption
Investment appraisal parameters
Period of evaluation: 15 years
Discount rate: 7 per cent
Attribution of benefits to the project – 70 per cent
The project is not 100 per cent responsible for project benefits as marketing companies and
grower groups have significant involvement in promoting varieties.
The project was given a high probability of success as the Potato Project has a very good
track record of introducing new varieties such as Nadine, Ruby Lou, Modial and Dawmore to
the benefit of the WA industry. Farmers have confidence in the trial results as they are
demonstrated through on-farm trials. In addition Western Potatoes and the Potato Marketing
Corporation, who co-ordinate the marketing of potatoes for the WA market, are closely
involved in the variety development process.
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The project is part of an ongoing program of activities since 1989 to introduce new potato
varieties into WA. The focus of the project has changed with emphasis on tackling specific
production and marketing issues.

5. Results
Table 7a

Returns on total funds

Net Present
Value ($m)

Benefit Cost Ratio

Project costs
Over 4 years

Probability
of Success

$3.44M

12.6

$297,502

85%

Table 7b.

Returns on Departmental funds

Net Present
Value ($m)

Benefit Cost Ratio

Project costs
Over 4 years

Probability
of Success

$1.9M

12.6

$164,218

85%

Table 7c.

Returns on Horticulture Australia Ltd (HAL) funds

Net Present
Value ($m)

Benefit Cost Ratio

Project costs
Over 4 years

Probability
of Success

$1.1M

12.6

$93,744

85%

Table 7d.

Returns on Industry funds

Net Present
Value ($m)

Benefit Cost Ratio

Project costs
Over 4 years

Probability
of Success

$0.44M

12.6

$39,540

85%

The results indicate the project has significant benefits for the WA potato industry. A
benefit/cost ratio of > 1 indicates that the project generates greater net benefits than costs. A
12.6 benefit cost ratio indicates that this project provides a significant return on investment
for the WA potato industry.
The net present value figure shows the discounted incremental benefit of this project
(discounted benefits less discounted costs) over a 15 year period. A strongly positive NPV
indicates that there are net returns to the State from investing in this series of projects.
Tables 7a – d detail the returns on investment to the fundings partners.
The domestic supply of the WA potato market is regulated and some may question the
benefits of developing new varieties for a regulated market with arguably distorted returns to
industry. Below are the findings of the evaluation work based solely on the benefits of the
export focused processing varieties.
Table 8a.

Return on total funds

Net Present Value
Benefit Cost Ratio
($m)
$1.3M

5.3

Returns to R&D Investment of DAFWA

Project costs
Over 4 years

Probability of Success

297,502

85%
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Table 8b.

Returns on Departmental funds

Net Present Value
Benefit Cost Ratio
($m)
$0.7M

5.3

Project costs
Over 4 years

Probability of Success

$164,218

85%

The analysis has the same costs as the original analysis, no benefits for fresh market
varieties and the same benefits as the original analysis for export processing varieties. The
findings indicate that if the project were solely focused on export processing varieties it would
still provide significant return on investment dollars for the WA potato industry.
An analysis has been conducted of a worst case scenario with:
No incremental increase in domestic winter fresh or export processing markets.
Reduced market share – see tables 5 and 6 for comparison with tables 9 and 10.
Table 9.
Year
White
star
Table 10.

New
Crisp
variety

Market share (%) by year
2003

2004

2005

2006

2007

> 2008

0.04

0.2

1.7

3.5

20

30

Market share (%) by year
2010

2011

2012

2013

2014

2015

> 2016

0.04

0.04

0.2

1.7

3.5

7.5

10

Worst case scenario analysis results.
Table 11a. Returns on total funds
Net Present Value
Benefit Cost Ratio
($m)
$0.38M

2.3

Project costs
Over 4 years

Probability of Success

297,502

85%

Project costs
Over 4 years

Probability of Success

$164,218

85%

Table 11b Returns on Departmental funds
Net Present Value
Benefit Cost Ratio
($m)
$0.21M

2.3

Even with these low adoption rates and no incremental growth in the domestic and export
markets the project sill provides a return on investment dollars with a BCR of 2.3. This
reflects the relatively low cost of the project and its impact across a major industry.
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6. Conclusion
Whilst WA has a relatively small domestic market for potatoes this project economic
assessment demonstrates the benefits of introducing new fresh market varieties to increase
the supply to the market, expand the market, and provide import substitution during the
winter period.
The export crisp market is competitive however WA is increasing its exports as it can
produce high quality affordable potatoes which meet processors demands. The introduction
of new crisping varieties with higher quality specifications will enable WA to reinforce its
position in the SE Asian market.
The varietal evaluation work provides benefits for the WA potato industry on domestic and
export markets. The previous focus of the project on domestic market varieties has built the
capacity of project staff and now enables the development of export focused varieties at
marginal cost.

7. References
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Summary of results
Net Present Value
Benefit Cost Ratio
($m)
$2.26M

38.5

Project costs

Probability of Success

Est. $58,821
over 3 years

70 %

1. Background
1.1 India
The Department of Agriculture and Food through AGWEST International, its international
project consultancy arm undertook an AusAID funded project in Sikkim, North East India in
2000-2003. The Sikkim project focused on improving the production of deciduous fruit and
included a study of the Indian apple market to guide varietal selection. This study revealed
that India has a rapidly developing market for fruit driven by the expanding economy,
increasing market segmentation and large and growing middle class with relatively high
disposable incomes.
Up until 1999, India did not import fruit and the levels of fruit imports particularly to the south
of the country had initially been slow to develop. Traditional apple varieties such as Red
Delicious grown in the northern highlands of the country were in demand however the high
import duty rates (50%) combined with the price sensitivity of the market meant exporting
Red Delicious from WA conventionally would not be profitable.
Red Delicious production in WA has been declining, in 1998 a survey revealed 118 ha of the
fruit were grown in WA. Anecdotal information indicates that up to 20 per cent has been
removed as this variety has limited domestic demand and is subject to extensive competition
from USA’s Washington State, on international markets. New plantings of apples in WA
have been limited over the past decade as confidence in the industry is eroded by a cost –
price squeeze and so trees pushed out were often not being replaced.
Against this background the Deciduous fruit project sought to develop exports of Red
Delicious to India through innovation in the supply chain. Labour costs in India are much
lower than Australia with agricultural labour costing approx. $5/day compared to $140/day.
The project team decided that sending WA grown Red Delicious apples, packed in the field
into bulk bins and transported to India, could lead to a new profitable market. Each field bin
could be cooled and shipped by sea to India where it would be unpacked, graded and
packed in cartons prior to sale. The major benefits of the bulk bin concept were:
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¾

Labour cost saving for grading and packing fruit using Indian rather than Australian
labour.

¾

Cheaper packing materials (cartons).

¾

Improved marketing as a greater number of sizes of fruit could be packed and branded
locally.

¾

Cost savings on freight as the apples are shipped in bins not cartons on pallets so
reducing per unit cost.

¾

Improved quality as the fruit is packed closer to the end market thus preventing in
carton spoiling.

The possible negative effect of the use of bulk bins was the lack of grading prior to shipment
leading to wastage from out of specification and damaged fruit.
In 2003 Glynn Ward, DAFWA Development Officer gathered support from 3 Red Delicious
growers in Manjimup to investigate the market for bulk bin exports of apples to India. An
initial visit by Glynn and a grower in December 2003 identified a commercial partner in
Chennai who agreed to pack and market the fruit in Chennai and provide feedback on
quality. To aid product differentiation the Cricket brand was developed in 2004 and trade
marked in India and Australia. Initially 3 x 40 foot containers (75 tonnes) were sent in 2004.
Subsequent to the initial trial there have been a number of further developments namely:
¾

A further visit by Glynn Ward and a grower in 2005 led to an increase in the supply
program with11 x 40 ft containers (275 tonnes) made up of 10 containers of Red
Delicious and one container of Royal Gala sent to India.

¾

In 2006 the Indian marketing agent requested 100 containers of Red Delicious
(2,500 tonnes) however the price of US$0.80/kg CIF was not attractive enough and the
agreed program for 2006 is 10 containers with the remainder coming from Tasmania.

¾

The 90 containers from Tasmania will be marketed under the Cricket brand with the
Manjimup group receiving a royalty of $100/container.

¾

Marketing agents from WA have been approached by a number of Indian importers
looking to source apples in bulk bins from WA.

¾

The major limiting factor at the moment is price as India still has a 50 per cent duty on
fruit imports.

1.2 Europe
In addition to the Red Delicious exports to India one of the Manjimup orchards have
commenced exporting Pink Lady Apples and small quantities of Gold Rush pears to the UK
market in Bulk Bins. Whilst labour costs are no cheaper the improved quality and savings on
freight and cartons ensure the system is economically viable.

1.3 UAE
Peter Gartrell, DAFWA Agricultural Economist visited the Gulf Foods Expo 2006 in Dubai to
promote the concept of bulk bin exports of fruit and vegetables. Samples of apples, peaches
and pears were taken to the Expo for display and Peter met with a number of importers to
discuss the issue of bulk bin exports.
The UAE acts as a regional hub for the Middle East and its booming domestic market with
large numbers of tourist offers genuine opportunities for fruit exports. The UAE has
economic development zones where value adding is promoted through the imports being
duty free when on shore processing/value adding takes place. The large numbers of workers
from the Indian sub continent offer low cost labour to grade and pack fruit.
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Setra Fresh Exports and Australian Quality Plus (AQP), fruit marketing companies from WA,
are currently following up opportunities.

2. Derivation of costs
This project is solely funded from CF and costs were obtained from discussions with those
involved in the project. These costs include all salary, capital and operational expenditure.
The salary costs incorporate the standard 22 per cent loading for corporate overheads.

3. Derivation of benefits
The benefits of the project have been estimated based on discussion with Deciduous fruit
project team members and with growers supplying Red Delicious and Pink Lady apples to
domestic and export markets.
The project will lead to a reduced rate of decline in Red Delicious production area from 3 per
cent per annum to 1 per cent per annum.
Increased price of 3 per cent on WA domestic market for Red Delicious as about 5 per cent
of Red Delicious apple crop will be exported.
Saleable yields of Red Delicious apples will not be affected by the project, remaining at
40 tonnes per hectare.
Conservative approach to price growth in Indian market in the short to medium term as the
current high duty is unlikely to be reduced in the immediate future. Accordingly Red
Delicious exports are assumed to increase to 300 tonnes/pa by 2007 and remain at that level
until 2010 when they will increase to in response to a projected reduction in import duty from
50 per cent to 25 per cent with a projected high of 1,000 tonnes pa exported in 2014 and
onwards.
Table 2 provides a summary of gross margins per hectare under the differing scenarios:
Table 2.

Pricing of Red Delicious under alternative systems
System

Gross Margin/ha

Conventional domestic market – farm gate price
$0.60/kg

$1,270

Bulk bin export to India with CIF price $1.07/kg

$1,990

Bulk bins exports to India with a CIF price of $1.33/kg
post duty reduction

$12,050

Domestic sales reflecting increased domestic price
(farm gate) - $0.62/kg

$1,383

It is unlikely that other apple varieties will be sold to India on any great scale in the medium
term as the Indian market’s focus is sweet red apples with low prices compare to other
international markets. Western Australia does not grow another low value apple which would
suit the Indian market. Should strong demand come from the Indian market then growers
may plant other suitable varieties, however these would probably be planted intensively
using dwarf and semi dwarf rootstocks to improve quality and reduce costs.
A continuing royalty of $100/container for exports of Red Delicious from Tasmania marketed
under the Cricket Brand to the Manjimup growers group. It is anticipated that Tasmanian
supplies to India will remain at 90 containers, increasing to 150 containers in 2014 and
onwards reflecting the projected change in Indian import duty rates.
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Growth in exports of bulk bins Pink LadyTM apples to the UK and UAE from the current base
of 100 tonnes to 500 tonnes over a 7 year period leading to an over all increase in exports
from 1,250 (pre bulk bin) to 1,750 tonnes. Bulk bin exports have an initial price of
$1750/tonne however this is reduced by 1 per cent pa for the first 5 years of the project. Non
bulk bin apples will find their price reduced by 2 per cent pa in the face of low cost
competition from South Africa and Chile. The project will lead to domestic prices for Pink
Lady’s remaining relatively steady falling due to extra supply being exported.
Table 3.

Projected changes in market demand (domestic and export) and prices caused by the
introduction of bulk bin exports of Pink LadyTM apples
Item

Without project

With project
Bulk bin

Non bulk bin

Projected increase in
domestic sale

1%

NA

1%

Projected increase in
domestic price

-2%

NA

-1%

Projected increase in
export sales

1%

0–500 tonnes in 7 years

1%

Projected increase in
export prices

-2%

-1%

-2%

The analysis does not anticipate any additional plantings of apples to supply the markets
developed/retained through the development of bulk bin apple exports. As has been
mentioned earlier industry confidence and hence new plantings over the past decade have
been low. The development of new marketing opportunities are only part of the process of
reinvigorating the deciduous fruit industry with new production methods and new varieties
required to encourage industry growth. Increases in production will primarily come through
improvement in orchard management systems with growers increasing inputs to raise yields
and improve packout percentages to meet additional demand. Cost of production are
projected to increase for the first 5 years of the project and then remain constant reflecting
improved efficiencies of production.

4

Key assumptions

Period of evaluation: 15 years.
The project was evaluated over a 15 year period as it is anticipated that it will take a number
of years for import duty rates in India to be reduced with returns to WA growers encouraging
further exports.
Discount rate: 7 per cent.
Attribution of benefits to the project – 50 per cent.
The project is not 100 per cent responsible for project benefits as marketing companies and
grower groups have significant involvement in developing the trade in export bulk bins. In
addition the initial marketing work was funded by AusAID as part of a consultancy project.
Probability of success – 70 per cent
The project was given a high probability of success as there is significant commercial interest
from a number of growers and marketing companies. This interest reflects the high level of
demand from India and potential demand for bulk bin transported fruit. The Manjimup
growers involved in the bulk bin trials include the two main orchards in the lower south west
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of WA. Much of the future trade with India will depend on the import duty rates coming down
over time as Australia, with its counter seasonal production, is not perceived as a threat to
India’s deciduous fruit industry.
Major southern hemisphere competitors to WA such South Africa and Chile will not export
fruit in bulk bins as they have cheap sources of labour domestically.

5. Results
The results indicate the project has significant benefits for the WA Deciduous fruit industry. A
benefit/cost ratio of > 1 indicates the project generates greater discounted benefits than
costs. The BCR of 38.5 indicates that this project provides a significant return on investment
for the WA Deciduous fruit industry.
The net present value figure shows the discounted incremental benefit of this project
(discounted benefits less discounted costs) over a 15 year period.
One of the key assumptions for the export of Red Delicious apples to India is that duty rates
will come from their current level of 50 per cent to 25 per cent in 2010. A worst case
scenario has been conducted with no change in the import duty charged leading to WA
growers pulling out of the Indian market. If this were to happen and the only benefits to the
project came from royalties charged on Tasmanian exports and increased exports of Pink
Lady apples then the BCR would still provide the following returns on investment:
Net Present Value
Benefit Cost Ratio
($m)
$1.77M

30.1

Project costs

Probability of Success

Est. $58,821
over 3 years

70 %

6. Conclusions
WA is at a disadvantage compared to low cost producers such as South Africa and Chile and
the price premium to WA growers for supplying high quality fruit is gradually being eroded on
export markets. The analysis demonstrates the large potential returns to the WA deciduous
fruit industry from streamlining the supply chain and effectively branding its produce. The
BCR is very high as the CF project costs are comparatively low, however the initial marketing
work was conducted as part of an externally funded consultancy project and this has not
been included in the costs.
Further refinements to the supply chain need to be investigated such as in-field grading of
produce to reduce oversize and undersize fruit and so increase net returns to WA growers.
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